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Preface 



"// the oceam of earth should die . . . it would be the final as zi elLis the 
greatest catastrophe in the troublous story of man and the other anitnali 
and plants u ith lirhom man shar€<i this planet. 

-JACQLES COLSTfcAU 



Cousicau's warning appropriately summarizes the need to include marine education m 
our curriculum today. The history of mankind is closely linked to the ocean. Man has 
always been.awed by the vast expanse of the sea. It is ironic indeed that such a valuable 
resource has been neglected so long in education. 

"Man and the Gulf of Mexico (MCM)** is a marine science curriculum developed for 
grades 10-12 with funds from the Mississippi-Alabama Sea Grant Consortium. The MGM 
materials were specifically designed to meet the need for marine science in all secondary- 

schools of Mississippi and Alabama. 

The MGM project was a two-state effort, invof 5p U .versity of Southern Missis- 
sippi, the University of South Alabama, and the c ^oast Research Laboratory in coop- 
eration with the Alabama and Mississippi State Depa. unents of Education. Similarities 
among the coastal problems of the two states not only made this an appropriate arrange- 
ment, but also heightened the potential *or succcsjs of the project. Additionally, the educa- 
tional needs for increased dissemination of marinie studies ira the pubilic schools of the sister 
sutes are equally urgent. Perhaps the most significant feature in the development of the 
MGM materials was rli ^ cooperation between university science educators, innovative sec- 
ondary school science teachers and other resource personnel. These cooperative relation- 
ships were esublished at the outset of the project and continued throughout the duration 
of the curriculum development effort. The design, development, field testing, revision, and 
a second field test evaluation spanned four years of intensive and dedicated work. 

During the initial phase of the MGM project, selected high school science teachers re- 
sponded to a questionnaire designed to provide information conccfning each teacher's im- 
pression of the importance of certain marine topics, each teacher's self-assessment of 
his/her knowledge of th<^ ^nme marine topics, and each teacher^s preference in terms of 
curriculum format. Resuhs of the survey were used to provide direction for the selection of 
topics and for \\\e development of activities to be included in the materials. The completed 
materials include four units: Marine and Estmrine Ecology, Marine Habitats, Diversity of 
Marine Animals, and Diversity of Marine Plants. Field testing of the materials was con- 
ducted in eleven schools by biology teachers during 1980-81. Included were two inland 
and two coastal districts in Alabama and four inland and three coastal districts in Missis- 
sippi. Based on those classroom evaluation?, the materials were thoroughly revised during 
the summer of 1981. The revised materials were then used in 35 schools throughout Ala- 
bama and Mississippi during the 1981-82 academic year. 

The field-testing of the MGM materials in the classroom has demonstrated that the 
marine science materials are equally appropriate for both inland and coastal schools. Many 



teachers have successfully incorporated selected MGM materials into their existing courses 
of study in biology, while others have used the complete curriculum as a separate course in 
marine science. In either case, teachers have found the MGM Marine Science Curriculum 
enjoyable to teach and very informative. 

Information and activities indexed and accumulated on microfiche through the Marine 
Education Materials system (MEMS) have been invaluable during preparation of the MGM 
units. Some of the activities and concepts included as a pan of MGM were modified from 
resources in the MEMS collection. Appropriate credit is given to the original authors in the 
reference section of each MGM unit. We are particularly indebted to the following marine 
education curi^culum projects for their contributions: ""Man ami the Seacoast", a project 
sponsored by the University of North Carolina Sea Grant College Program which resulted 
in the publication of the Xorth Carolina Marine Education Manual series; **Project 
COAST** (Coastal/Oceanic Awareness Studies), funded by the Delaware Sea Grant Col- 
lege Program; and the Hawaii Marine Sciences Study Program developed by the Cur- 
riculum Research and Development Group at the University of Hawaii. 

We wish to acknowledge the cooperation that we have received from other marine edu- 
cation projects, the Alabama and Mississippi Sute Departments of Education, The Univer- 
sity of Mississippi Law School, the National Marine Education Associatiu/], and many 
individuals who offered suggestions that were incorporated into the MGM materials. Our 
gratitude is also extended to Dr. J. Richard Moore for permission to include his plant key 
in the teacher supplement for Diversity of Marine Plants. We are indebted to the Depart- 
ment of Science Education at the University of Southern Mississippi for serving as a base of 
operation, allowing use of its equipment, and providing financial support. We especially 
would like to thank all of the dedicated Mississippi and Alabama teachers who worked so 
diligently on MGM materials. We hope that high school students and their teachers will 
continue to find that these efforts have been of value. 

Bobby N. Irby 
Malcolm K. McEwen 
Shelia A. Brown 
Elizabeth M. Meek 
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DIVERSITY of MARINE ANIMALS 

Objectives of Diversity of Marine Animals: 



\. To help siudcnis realize the diversity of organisms present in the marine eiiviionment. 

2. To present general information relative to the various animals that live in the marine 
environment. 

3. To compare and contrast adaputions made by groups of marine animals in order to 
survive in their panicular habitats. ^ 

4. To provide students with various types of experi .*nces thai will help them become 
proficient in identifying some of the common niarine animals. 

CONCEPT A 

Even though protozoans are ver\' small organisms, they possess a variety of structural 
characteristics which aid in the identification of specific protozoans. 

Objectives 

Upon completion of this concept, the student should be able: 

a. To identify a radiobrian, foraminiferan, and a tintinnid when presented with pic- 
tures of various protozoans. 

b. To compare the methods of locomotion used by foraminiferans, radiolarians, and 
tintinnids. 

c. To list several reasons for the economic importance of foraminiferans. 

d. To name and discuss the similarities and differences between radiolarian skeleul 

e. To sketch a generalized radiolarian* foraminiferan, and tintinnid. 

t. To discuss the importance of radiolarians and foraminiterans to the ecosystem. 

MARINE PROTOZOANS (PHYLUM PROTOZOA) 

Bv far the largest number of marine invertebrates are neither edible delicacies nor large 
conspicuous creatures of the shore; nor floating animals seen from a boat. They are the 
tiny single-celled creatures that float and drift with the pbnkcon in the upper level of the 
ocean. These single-ceiled animals comprise the fir^ phylum of animals Called the Phylum 
Protozoa ("proto" means first and "zoon" means animal). Even though the protozoans are 
extremely small organisms, they do play a very important role in the food chains of the 
ocean. These organisms provide the basic food material upon which many higher animals 
ultimately depend for their existence. 

When we study typical protozoans, we usually read about amoeba, paramecium, vor- 
ticella, or stylonychia. In this concept, however, we will examine some other very anicent 
forms of protozoans. Some of these protozoans are relatives of the very familiar amoeba. 
We will call these protozoans radiolarians and foraminiferans (forams). Others are relatives 
of the Paramecium and are known collectively as tintinnids. These organisms, which are 
still present in the marine habitat, were very important in our past as indicated by the huge 
deposits of fossilized shells found on some land areas that have been elevated above sea level. 

1 
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Foraminiferans 

One group of bcnthk protozoans is the foraminiferans. There are a few pela^ forams, 
of which Gtobigerina may be the most common (Figure 1). Shells secietcd by the forams 
are made up of calcium carbonate or tectin. The shells exhibit a great diversity in size and 
shape (Figure 2), These shells consist of perforated chambers which house the protoplasm 
of the living animal. Some species secrete only one chamber while others may secrete many 
chambers. Those that secrete one chamber are known as unilocular foraminiferans while 
those with several chambers are called multilocular foraminiferans. The muldlocular 
foraminiferan chambers may lie in a straight line, overlap, or the>' may form a spiral- Most 
of the foram shells now being deposited in the oceans are those of Glohigerina, a plank- 
tonic foram (Figure 1). These animals are constantly dying and their skeletons sinkmg in a 
slow but steady rain to the ocean floor. Here they form a gray mud called "Globigenna 
ooze", a specialized type of foraminiferal ooze. Thiny-five percent of ocean bottoms are 
covered with thick deposits of foraminiferal ooze. The ooze is composed of shells of dead 
forams usually in association with the calcium carbonate remains of a group of algae called 
coccolithophores. 




Figure 1. Globigenna. 




Figure 2. Diversity of Foram Shells. 

Since forams are relatives of the amoeba, they move about by pseudopodia* The 
pseudopodia extend through small perforations in the shell. These pseudopodia are not as 
large as those of the amoeba, but they are still used in collecting protozoans, algae, and 
bacteria for food. Each pseudopod is very sticky, and the prey adheres to its surface. A 
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granular film of mucous-like material on the surface of the pseudopod quickly coats the 
surface of the prey organism: This coating helps to paralyze the prey and may even start 
digestion as the food is taken into the interior of the animal. 

Forams have also been found to be economically important. By taking core samples and 
analyzing the different species of forams present, the ^e of »he core sample can be deter- 
mined. By comparing samples taken in various geographical locations, past climatic 
changes on the major continents can be determined with some degree of certainty. The 
dating of die core samples also aids in the search for oil. In addition, some foram sheik 
serve as nuclei of manganese nodules in the ocean floor. These are thought to be of value to 
speculators ot deep sea mining, li is possible that great mineral weaJth can be detected by 
locating these kinds of nodules. 



Radiolanans 

The radiolarians are ver>' large protozoa, sometimes reaching diameters of several centi- 
meters when in colonies. Individual radiolarians may reach several milUmeters in diameter. 
The radiolarians are mostly pelagic. 

The body the radiolarian is usually spherical with an outer portion made of cytoplasm 
and an inner niii^leated portion. The outer portion is called the calymma, whereas, the 
inner ponio«i is referred to as the central capsule (Figure 3). A membrane surrounds the 
central capsule. Perforations (holes) in this membrane allow the cytoplasm to be continu- 
ous between the two portions of the cell. Symbiotic algae called zooxanthellae are often 
found in the calymma. By carrying on photosynthesis, these algae serve as a food source 
for the radiolarian. Vacuoles yhich have been noted in the calymma are thought to func- 
tion in buoying up the animal. This represents an additional adaptation to allow the or- 
ganism to remain in the upper layers of water. 

These organisms contain specialized forms of pseudopodia. They are needle-like in shape 
and extend through the cytoplasm to the outride (Figure 3). Radiolarians' claim to fame are 
their skeletons. It has been said that radiolarian skeletons are among the most beautiful 
structures in the living world. There are two major types of radiolarian skeletons, radiat- 
ing and bttice (Figures 3 and 4). Each of these types of skeletons is predominandy com- 
posed of silicon. The radiating type possesses long needles which originate from the central 
capsule and pass through the oi^anism to the outside surface- Contractile iibrib are kKatcd 
on areas of the body where the needles penetrate the cell surface. The fibrils allow the 
spines and calymma to contract along with the contractile vacuoles- This mechanism, ex- 
pansion and contraction, is adequate to control the depth of the organisms in the water 
column. 

. ■.\^ hi . 

skeleton 

axopodia 

— zooxanthellae 
central capsule 
with nucleus 



Figure 3. Radiating Skeleton of^Radiolarian. Figure 4. Lattice Skeleton of a Radiolarian. 





.The lattice skeleton \s jiist a lattice sphbre. T*hes6 delicate, lace-like skeletons can be 
sculptured or armored in all tniaginaljle ways. They may even have long sculptured t'fenta- 
cle-like* structures adhering to one end of the sphere (Figure 5). 

The fadiol^rians feed in a manner similar to that of the foramihiferans. Prey organisms 
become airached to the sticky pseudopodia, are covered with a granular slime, and are 
finally drawn into the body. Digestipn usually occuts in the calymm? portion of the 
radiolarian,cell. Biologists tKink that if bright sunlight is present heterotrophic feeding 
may not be necessary,' Ii'is important to note that the pseudopodia of radiolarians are used 
in feeding, but not in locomotion. Rather, locomotion is accomplished by expansion and 
contraction of the calymma. The varying calymmal vacuoles enable the organisms to move 
up pr down the water column. 




Figure 5, Sculptured Lattice Skeleton of a Radiolarian. 



Tintinnids 

One of the best known groups of common marine protozoans that have cilia is the 
tintinnids (Figure 6). These are the armored protozoaiis which usually show up in marine 
planktonic samples. The organism's armor is called a lorica (Figure 6). The animal is at- 
tached to the bottom of the lorica and protrudes from the mouth or top opening. The 
lorica is composed of a clear organic material which may have sand grains or other detritus 
cemented into it. It is filled with a low density fluid which allocs it to float in the upper 
layers^of water. Since the animals a're ciliate protozoans, the fleshy portion of the cell is 
covered with cilia. V 




lorica 



Figure 6/ A Tintinnid. 



The tintinnids feed on. microscopic plants and bacteria by movement of membranes 
around the mouth of the lorica. They appear to fill just about the same ecological nicde as 
the fresWater paramecia. It is very easy to recognize the tintinnid in a planktonic sample 
because of the grani^Ur vase-like structure, the most distinguishing structural characteristic. 



VOCABULARY 

Adaptation — the process by which a species becomes better suited to survive in an envi- 
ronment. 
Armor — a hard, outer covering. 
Benthic — bottom dwelling organisms. 
Calymma — the outer portion of the radiolarian's cytoplasm. 

Central capsule — the inner portion of the radiolarian's cytoplasm that is nucleated. 
Cilia — tiny, hairlike projections; used for locomotion in some one-celled organisms. 
Contractile fibrils — structures used by radiolarians to aid in controlling their depth In the 
water column. 

Core sample — a vertical, cylindrical sample of the bottom sediments. 

Detritus — very small particles of the decaying remains of dead plants and animals; an 
important source of food for many marine animals. 

Foraminiferal ooze — an ocean bottom sediment consisting of 307o or more foram skele- 
tons. 

Heterotrophic feeding — the process of using food material produced by other organisms. 
Lattice skeleton — a type of radiolarian skeleton which is delicate and lace-like. 
Lorica — a "container" within which a tintinnid is housed. It is either secreted by the or- 
ganism or composed of foreign material ce-iented together. 
Multilocular foram — a foram' that secretes several chambers. 

Miicus — a slimy lubricating and cleansing secretion ("mucous" is an adjective; "mucus" is 
a noun). 

Pelagic — inhabiting the open water of the ocean, rather than the bottom of the shore. 
Plankton — small plants and animals floating in the upper layers of the water column. 
Pseudopodia — a "false foot", formed by an extension of cytoplasm. It serves as a means of 

locomotion and a way of surrounding and thereby absorbing food. 
Radiating skeleton — a type of radiolarian skeleton composed of silicon arid possessing 

long needles which pass through the organism to the outside surface. 
Symbiosis — the relationship in which two organisms live together in close association. 
Tectin — an organic matrix with embedded grains of sand. 
Unilocular foram — a foram that secretes a single chamber. 

Vacuoles — small cavities that may contain secretions of the protoplasm or substances 

about to be excreted. 
Water column — the area from the water surface to the bottom. 

Zooxanthellae — symbiotic one-celled algae found in corai, sea anemones, mollusks, and 
other types of marine organisms. 



CONCEPT REVIEW ACTIVITY 

This activity is designed to help you organize some of the information that has been presented in this concept. 
Fill in the columns in the table using the material covered in this concept. Upon completion, this table will be an 
excellent study guide for you to Cise. 
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Activity: Salinity and Small Animals 

Objective 

To determine if different salt concentrations affect the living organisms of a given 
aquatic (water) community. 

Of the several abiotic environmental factors, salinity is of great importance. The salinity 
of natural waters varies, but it is almost a constant value in the open ocean. As organisms 
come closer to shore and toward the mouth of a freshwater stream there may be great 
fluctuations in the concentration of salts in the water. The tolerance to these salts also 
varies from organism to organis^n. Some organisms can live only in very salty^ waters, 
while others can only live in fresh watlr environments. There are still others that can move 
from one extreme to the other withoufcausing physiological harm to the organism. 

We find that sodium chloride is by far the rnost abundant salt in natural waters; there- 
fore, we shall use it in our investigation. Professional oceanographers express the amount 
of salt in solution as parts of salt per thousand parts of water. In our activity, we shall 
express the amount of salt in solution as percentages. 

Materials (per team of two students) 

sodium chloride solution (1%, 3% and 5%), distilled water or tap water, microscope, 
microscope slides, microscope coverslips, clock, medicine dropper, paper towels, three 
cultures of small aquatic animals (paramecium, euglena, amoeba) 

Procedure 

With your medicine dropper, place a drop of water containing the organism you intend 
to study first on a microscope slide. Place a coverslip over the drop of water. If you are 
using a ratherlarge organism, do not use the coverslip. For at least two minutes obsptye • 
the normal behavior of the organism. Now, add on^'drop of the one percent salt soliQtion^ 
to your sample. If you are using the coverslip draw the salt across using a paper towel as 
you have in other microscopic activities. As the salt moves across the slide, carefully ob- 
serve the living organism. Record any changes in behavior that you observe. Also record 
the time when the reaction began. Continue to observe the organisms until no new reac- 
tions occur. Now, replace the salt water with tap water and observe the recovery of the 
organism. (The organism may not recover.) Record the length of time for recovery. 

Repeat this investigation with the same organism using the 3% salt solution, and then 
the 5% salt solution. Complete the data table for each solution. 

Now, repeat the entire investigation with the other two delected organisms. Record all 
data on the accompanying data sheet. 
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Data Sheet 



Salinity 
Used 



Organism 1 



Organism 2 



Kind of 
Response 



Average Time 
to Respond 



Was there 
a Recovery 



Average 
Time to 
Recover 



Organism 3 



L^xtenJin^ Youy Tkoiights 

^ ' >ia e^ch %;ai ism respond the same to the 1% salt solution? Explain. 

J l-'«d V .r4un • in concentration of salt seem to make any difference? . 

. Explain 



3. What kind of habitat do you think that these organisms prefer? — 

Why? : : 

4. Did you kill any organisms? What were they? 

5. Which organism seemed to be the most tolerant to salt? 

6. Which organism seemed to be the least tolerant to salt? 

7. Which of these organisms might be found in the most diversified kinds of waters? 
Why would you think so? 

8. In the marine environment would you expect to find any of these organisms? 
Why? 

9. If you could find these in the marine environment, where do you think they might 
occu r ? 
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VOCABULARY 

Abiotic factors — physical (non-living) aspects which interact with the organisms of an 
ecosystem. 

Environment — the surroundings of an organism. 
Habitat — the place where an organism lives. 

Oceanographer — a scientist who deals with the physical geography of oceans, seas, and 
marine life. 

Salinity — the total amount of dissolved salts present in a given amount of substance. 
Salts — chemical compounds that are derived from acids by replacing the hydrogen wholly 
or partly with a metal or a nonmetal. 



CONCEPT B 

The sponges are the most primitive multicellular organisms. 

Objectives 

Upon completion of this concept, the student should be able: 

a. To list the three classes of sponges and their predominent skeletal material. 

b. To describe ih^. feeding and respiratorv method employed by asconoid sponges. 

c. To list four basiC sponge cell types ana the function of each. 

d. To explain the function of spicules. 

e. To describe a method of sponge reproduction that is important to the sponge indus- 

f. To describe the regeneration of sponges from dissociated cells. 

g. To discuss the importance of sponges to the ecosystem. 

h. To discuss the economic importance of sponges. 



THE SPONGES (PHYLUM PORIFERA) 

When compared to other animals, sponges are very simply organized. Essentially, they 
are bags which pump water in through a great number of surface openings for feeding, gas 
exchange, and excretion. The water flows out of the organism through a large cxcurrent 
opening. All sponges are sessile organisms. Their most frequent habitat is the bottom of 
shallow coastal waters, but they are also found in deep water. A few have become^ adapted 
to a life in freshwater. Most of the common species of sponges are brightly colored. Green 
yellow, orange, red, and pAirple sponges ^re frequently.- found. . 
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classification 

There are three classes of sponges: calcareous sponges, glass sponges, and the Demos- 
pongia. Skeletons of the Demospongia are composed of spicules of silicon compounds, a 
protein called spongin, or both (Figure 1). The Demospongia include the commercial 
sponges. 

Body Plan 

While there are three basic types of sponge organization, we shall only discuss the sim- 
plest type, asconoid organization. Asconoid sponges are simple, saclike sponges which 
draw water in through small pores (holes) in the body wall called ostia. Those pores empty 
into a large central cavity, the spongocoel. The water then flows out a large opening at one 
end of the sponge called an osculum (Figure 2). 

Movement of water through the sponge is important in bringing food to the organism. 
In addition, new water is essential to respiration and other vital activities of the sponge. 
This water is drawn into the sponge only at if.s surface. The constant renewal of the water 
allows the uptake of oxygen by sponge cells :ind the release of their carbon dioxide and 
other metabolic products. Cells throughout the sponge's body must have their ^ rrounding 
water renewed at rates compatible with vital processes. 




B. 



Figure 1. Classes of Sponges. A, Calcareous sponge. B, Glass sponge. C, Demospongia. 
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As the sponge increases in size, the volume increases faster than the surface area. A 
cenain point is eventually reached where the amount of water drawn in through the surface 
cannot meet the needs of the cells throughout the body of the sponge. The success of 
solving the surface area-volume problem is reflected in the maximum size of sponges built 
on the three types of organization. The simple asconoid sponges never grow over about 
10 cm high, while sponges with other types of organization reach greater maximum sizes. 

Cell Types 

An asconoid sponge is made up of four basic cell types called pinacocytes, porocytcs, 
collar cells, and amehocytes. The pinacocytes cover the outside as an epidermis, called 
the pinacoderm, whslc the collar cells line some of the internal surfaces. Between these two 
cell layers is a jelly-like substance called mesoglea. The amebocytes crawl about in thej 
mesoglea (Figure 2). ^^^'^ ^^^^^ 

spicule 
collar cell 

porocyte 

_ amebocyte 
_ „ mesoglea 




incurrent pore 
pinacoderm 



Figure 2. Internal Structure of a Sponge 



Porocytes are tubular cells unique to sponges. The incurrent pores, or ostia, pass 
through the center of the porocytes. The outer surfaces of the porocytes are found scat- 
tered among the cells of the epidermis. They extend through the mesoglea into the spon- 
gocoel, allowing water to pass into the spongocoel. The outer ends of the ostia can be 
closed to prevent the entrance of water. 

The collar cells are the actual water-moving cells. They are more or less round cells with 
a clear collar extending into the spongocoel. Rising out of the collar is a whiplike flagellum 
which is constantly beating, moving the water toward the osculum. The exit of water from 
the osculum allows more water to flow into the spongocoel through the ostia. In this 
manner, a constant current of water is drawn through the sponge. The collar cells pick 
food particles out of the water and ingest them. The collar cells pick food particles out of 
the water and enzymes within the cells digest the collected food material. 

The amebocytes are the workhorse cells of the sponge. They creep about the sponge like 
small amoebas. It is unclear whether there is one adaptable kind or several kinds, but 
amebocytes have a variety of functions. Amebocytes absorb digested food material from 
the collar cells and travel throughout the sponge distributing this substance to other cells. 
Some amebocytes develop slender pseudopodia and may group together in a mass contain- 
ing pigments or food. Others form sperm and ova. Porocytes and collar cells have been 
seen to convert to amebocytes. Other amebocytes secrete limy or glass spicules or spongin 
fibers which form the skeleton of the sponge. 
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Skeletal Structtires 

The skeleton of the sponge is made of spicules. The spicules are small, complex crystal- 
line structures laid down by amebocytes. They may be rods, stars, anchor-like objects, 
gridworks, needle shapes, or a host of other forms (Figure 3). They may be composed of 
silicon or calcium. Some of the spicules form major skeletal structures, while others are 
randomly scattered in the soft parts of the sponge. The form and composition of spicules 
are very important in the identification of sponges. 




Figure 3. Diversity of Spicule Shapes. 
Reproduction 

Budding and fragmentation are asexual methods of reproduction used by sponges. 
Budding is the nnost common form. In this process, a bud appears on the side of the 
sponge. The bud differentiates into a young sponge. The young sponges may detach from 
the parent to takeXip an independent life or remain attached as a member of a colony of 
parents and offspring. 

Fragmentation consists of the regeneration of a new sponge from bits and pieces of 
another sponge. The fragment may come from breakup due to unfavorable environmental 
conditions or as a normal part of the life history of the sponge. Fragmentation is quite 
important to man. A large sponge may be cut into many smaller pieces, weighted with a 
rock or other heavy object, and planted in a favorable place on the bottom. Each fragment 
will grow into a complete sponge of harvesuble size in two to three years. 

Another asexual method involves the formation of gemmules. The gemmules, which are 
formed by aggregation of groups of cells, are hard-shelled bodies which germinate into 
new sponges. This method of reproduction is favored during periods of freezing tempera- 
ture or drought. 

Sexual reproduction involves tho^ formation of ova and sperm from amebocytes. Fertili- 
zation is unusual in that sperm swept in with the water current are ingested by coHar celfe. 
The collar cells then fuse with the ovum and set the sperm free. 
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Protective Devices Used by Sponges 

At firsc glance, a sponge resting on the bottom of the ocean resembles a defenseless blob 
waiting for anyone who is hungrv'. However, if you should pick up a sponge in your bare 
hands, you would quickly find it rather painful, especially if the organism is a glass 
sponge. The spicuks are quite effecmc in causing intense discomfort by penetrating the 
soft tlsswac of anything that tries to handle them. Sponges also have disagreeable tastes and 
smcfh. They produce irritants which cause severe discomfort or even death to potential 
predators. 

Commercial Sponges 

The most obvious connection of sponges to man is the commercial sponge fishery. 
Sponges that are sold commercially have skeletons that consist only of the protein spongin. 
There are no limy or glass spicules. Commercial sponges can absorb 25-30 times their own 
weight of water. The main varieties of commercial sponges include Turkey cup, toilet, 
Zimocca, wool, velvet, yellow, grass, wire, and elephant's ear. Differences in quality de- 
pend on locality and bottom conditions. The best sponge grounds are in warm tropical and 
subtropical areas such as the Mediterranean, Gulf of Mexico, East Indies* the Sea of Japan, 
and the Philippines. The depth of commercial sponge grounds varies from shallow water to 

600 feet. ^ 

The sponges are gathered by hard hat divers, hooking from the rorface, or dredging. The 
best sponges are gathered by hard hat divers at about 100 feet. In the Mediterranean, 
sponges are taken from depths of 450-600 feet by dredges. This method destroys many 
valuable young sponges. 

The sponge catch is left on deck to decay. After a few days, the tough outer skin is 
peeled off and the sponges are washed and dried. The dried sponges are sorted by size and 
stored for sale at auctions. 

VOCABULARY 

Amebocytes — amoeba-like cells in sponges that function in circulation and excretion. 
Asconoid — the simplest type of body organization in sponges. 
Asexual reproduction— reproduction without the joining together of two cells. 
Budding — a type of asexual reproduction in which an outgrowth forms on the parent 

organism and later separates gi^ng rise to a new organism. 
Calcareous sponge — sponges whose spicules are composed of calcium carbonate. 
Collar cells— flagellated cells in sponges that set up water currents. 
Fertilization— the union of a sperm with an egg. 

Flagellum — fine, long threads which project from a cell and move in an undulating fash- 
ion. Flagella are responsible for locomotion of small protozoans and reproductive cells. 

Fragmentation — a type of asexual reproduction whereby pieces of an organism may break 
off and regenerate into whole organisms. 

Gemmule— a reproductive body cell of a sponge enclosed by a tough, outer coating. 

Glass sponges— «onges whose lattice-like skeletons are formed by fused spicules built of 
long fibers containing silicon. 
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Habitat — the place where an organism lives. 

Mesoglea — a jellylike material between the two cell layers composing the body of certain 
organisms. 

Osculum — an opening in the central cavity of sponges through which water leaves the 
animal. 

Ostia — tiny openings through which \n'ater is drawn into the sponge's body. 
Ova — female reproductive cells. 

Pinacocytes — cells which cover the outside of the body of a sponge forming an epidermis. 
Porocytc — a cell, shaped like a short tube, that extends from the surface of the sponge to 

the spongocoel and ''guards" an incurrent pore. 
Pseudopodia — "false feet" foimed by extensions of cytoplasm. They serve as a means of 

locomotion and a way of surrounding and thereby absorbing food. 
Sessile — the condition of being permanently attached to another object. 
Sexual reproduction — reproduction involving the union of an egg and sperm. 
Sperm — a male reproductive cell. 

Spicule — the material forming the skeleton of certain sponges. 
Spongin — fibers composing the skeleton of certain sponges. 
Spongocoel — the central cavity in sponges. 



Activity: Sponge Structure 

Objective 

To study the structure of some common sponges and to identify these sponges. 
Materials 

preserved sponges, 10% acetic acid solution, stereoscope or hand lenses, microscope, 
probe, slides, coverslips, sea water, wax pencils 

Procedure 

Four sponges have been chosen for your study today. They can be found in dishes on 
the supply table. The dishes are labeled A, B, C, and D respectively. You will notice that 
in the following investigation these four specimens are those used for various activities and 
questions. Consequently, when you are asked to answer a question about (or perform an 
activity using) sponge specimen A, you should also answer that same question for (or 
perform the experiment on) specimens B, C, and D. Since there is not enough space on 
these sheets to record all your observations and answers concerning specimens B, C, and 
D, you should use a separate sheet of paper. 



14 



23 



Place a specimen of sponge A on a clean slide. Using your hand lens or a stereoniicro- 

scope examine the specimen. Name as many of the external structures as you can find 

Describe the osculum. ■. 

What does the position of this structure cfti the sponge body suggest to you about its 

f u nc t io n ? 

Cut sponge A longitudinally (up and down). Sketch the internal structure of the sponge in 
the space provided below and then label the spongocoel. 

Place a small piece of tissue from sponge A in a drop of water ou a slide. Tease apart the 
tissue using a probe, add a coverslip to the slide, and study the slide under lOOX and 400X. 

Can you identify any of the cells present by iheir shapes? . 

Suggest a reason why some of these cells seem to have a very definite shape as opposed to 
(^her cells present in the specimen. 

MakeSjcetches of any cells that you are unable to identify. 

\ 

Prepare a slide of sponge A by placing a small piece of tissue in a drop of 10% acetic acid 

on a clean slide. Add a coverslip to the slide and observe. Record your observations 

Was a new substance produced? How could you tell? ^ 

What possible Explanation could there be for the phenomenon you have jusl observed? 
(Hint: Remember skeletal structure. )^ ^ 

Now mount a piece of sponge A in sea water. Add a coverslip and observe the slide under 

the microscope. Do you see any changes occurring? 

Keep your slides and label them appropriately. 

After completing your experiments on specimens A-D, use your observations and the 
taxonomic key to identify sponges A-D. List your answers below. 

KEY TO SELECTED SPONGES 

1. A. Structure of sponge simple; tubular to urn-shaped; pale tan to whit- 

ish; spicules calcareous (test with acetic acid) Go to 2. 

B. Structure massive, fleshy, or spongy; encrusting or branching; color 

various; spicules siliceous Go to 3. 

2. A. Sponges in form of branching, cylindrical, pale tubes Leucosolenia 

B. Sponges in the form of little urns or vases, usually clustered, with 

fringe of spicules around the terminal osculum Grantia 

3. A. Spicules smaller and conspicuously jomed together by more or less 

spongin to form a network or a system of tracts Spongilla 

B. Spicules irregularly scattered; considerable spongin is present; 

numerous low, upright tubules, each ending in an opening Haltchondria 

Sponge A is Sponge C is_ -■ 

Sponge B is \ Sponge D is = ? 
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VOCABULARY 

Calcareous — sponges whose spicules are composed of calcium carbonate. 

Osculum — an opening in the central cavity of sponges through which water leaves the 

animal. m 
Siliceous — made up of silica. 

Spicules — the material forming the skeleton of certain sponges. 
Spongin — fibers composing the skeleton of certain sponges. 
Spongocoet — the central cavity in sponges. 

Activity: Aggregation of Sponge Cells 

% 

objective 

To observe the aggregation of sponge cells. 
Materials (per group of 2 students) 

1 stender dish, 1 pair of forceps, 1 glass slide, 1 coverslip, 1 microscope, 1 living specimen 
of Spongilla 

Procedure 

Place a drop of freshwater on a clean slide. Grasp a small piece of livmg sponge with 
forceps and squeeze the sponge into the water drop until the sponge pigment is barely 
visible in the water. What is the purpose of this procedure? 

The following steps must be carried out quickly (within 30 seconds). Discard the piece 
of sponge and remove any sponge fragments from the water drop. Carefully place a 
coverslip on the slide and examine it under low power using the microscope. Describe the 
distribution of cells under low power 

Switch to high power. Do you now sec anything that you did not see when you were 
using low power? If so, describe it 

After you have made careful observations of your slide, place it, with coverslip in place, 
into a stender dish of creek water. Five minutes later, remove the slide from the culture 
dish. Dry the bottom surface of the slide and examine it under the microscope. Record your 
observations in the table provided. Return the slide to the culture dished gently slip the 
coverslip off the microscope slide. Propose a reason for removing the ^erslip 



Re-examine the slide and record your observations at the intervals suggested in the table on 
the following page. 

Now that you have finished collecting information about sponge reaggregation, sum- 
marize your observations in a paragraph. 
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Time 



Observations 
on low power 



Observations 
on high power 



5 min. 



I hr. 






2nd hr. 






3rd hr. 













Is there any evidence Sketch of 

of clumping? Describe. clumping 



5th hr. 



2nd day, 
1st hr. 

2nd day, 
2ndhr. 

2nd day, 
3rd hr. 

2nd day, 
4th hr. 

2nd day, 
5th hr. 

3rd day, 
1st hr. 

3rd day, 
2nd hr. 

3rd day, 
3r J hr. 

ii u Jay, 
4th hr. 

3rd day, 
5th hr. 
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CONCEPT C 



Cells found w iihin the bodies of coelenterates are more highly specialized than sponge 
cells. Coelenterates have two different types of body forms, the polyp and medusa. 

Objectives 

Upon completion of this concept, the student should be able: ^ 

a. To sketch the two bodv forms of coelenterates- 

b. To list the three classes<of coelenterates. • 

c. To describe nematocysts and the two factors required to cause discharge. 

d. To describe locomotion in the coelenterates. 

e. To describe feeding in h/drozoan and anthozoan polyps. 

f. To discuss the importance of coelenterates to the ecosystem. 

g. To discuss the economic importance of coelenterates. 



THE COELENTERATES (PHYLUM CNIDARIA) 

The coelenterates exist in two basic forms, the polyp and the medusa (Figure 1). Polyps 
are sessile, tentacled forms that remain in one place and trap animals on their tentacles. 
Hydra is an example of a coelenrerate polyp. The medusae are umbrella-shaped animals 
that live up in the water column, moving by pulsations of th^ bell-shaped bodies. Their 
dangling tentacles serve to ensnare other animals on which they feed. The common 
jellyfishes are examples of a medusa. ^• 

In many cases, the medusa and polyp forms are parts of the life cycle of a smgle species. 
The polyps are generally sessile forms that reproduce asexually by budding. Medusae are 
sexually reproducing, planktonic forms. The life cycle of Obelia, a coelenterate, is an ex- 
ample of this situation (Figure 2). The existence of two vastly different forms fulfilling 
sexual and asexual roles in the life cycle of a single species is called metagenesis. 

The phylum Cnidaria is divided into three classes: Hydrozoa, Scyphozoa, and An- 
thozoa. 



Sody Pluri 

The polyps and medusae are both built on the same basic plan. The body consists of 
inner and outer walls separated by a jellylike mesoglea (Figure 1 ). The basic shape is that 
of a barrel, the inside of the barrel being called the gastrovascular cavity. One end of the 
barrel is deed off. The outside surface of this end forms the pedal disk of the sea 
anemones. The medusa is like an inverted polyp. The closed end of the barrel forms the 
upper surface of the umbrella. The other end of the barrel is open, forming the mouth, 
the mouth is surrounded by one or more whorls of tentacles, each containing an exten- 
sion of the gastrovasuclar cavity. 
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tentacle 



mouth 



gastro- 
dermis 
mesoglea 

epidermis 



basal 
disk 




gasirodermis 



gastro- 
vascular 
cavity 
mouth 

tentacle 

mesoglea 



Figure 1. A, Polyp. 



B, Medusa. 



medusa 



feeding polyp 




blastula 



part of mature colony 



starts new colony 
by asexual budding 
Figure 2. Life Cycle of Obelia. Obelia is a colonial hydrozoan. 



swimmmg 
planula 



settles 
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Nematocysts 

The tentacles of coclenterates possess certain structures found almost nowhere Asc in the 
animal kingdom. These are the nematocysts, Nematocysts are responsible for the painful 
stings inflicted by^jellyfish. 

An undischarged nematocyst consists of a bplb with a thread coiled inside it. It is con- 
tained within a cell called a cnidoblast. The cnidoblast possesses a bristle which acts as a 
•rigger for discharge of the nematocyst (Figure 3 A). When a prey animal or a swimmer 
brushes the bristle, the permeability of the nematocyst wall changes. The nematocyst 
swells with water and the resulting pressure causes the thread to explode from the capsule 
and hit the target organism (Figure 3B). 




Figure 3. A, Undischarged Nematocyst. 
B, Discharged Nematocyst. 




The eversion of the nematocyst thread exposes the various end structures of the nemato- 
cyst. These can consist of adhesive ends, snares, or pointed barbed tips which penetrate the 
prey and inject powerful toxins. The toxins/of some species, such as the Portuguese man- 
of-war, can cause severe pain in human beings. The pain can be so intense that the victim 
can be crippled and may drown. 
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Class Hydrozoa 

Class Hydrozoa includes many common coelenierates thai arc easily overlooked. In- 
cluded in this class are the hydroi^s. The hydroids, which are usually mistaken for sea- 
weed, form branched polyp colonies oTvarious sizes. The branched colonies consist of one 
or more types of individuals. The most animal-like members of the colony are the feeding 
poly ps. All of the individuals of the colony are connected by a common gastrovascular 
cavity. The feeding polyps capture the food and partially digest it. They pass i;}e resulfmg 
hroth into the common gastrovascular cavity, whence it circulates throughout the entire 
colony. Various other members of the colony will pick out their share of the broth and 
digest it in intracellular vacuoles similar to those of protozoans. Hydractinia is an example 
of a hydroid that is found in coastal waters. Its polyp is specialized for feeding, reproduc- 
tion, and fighting (Figure 4). y 

The medusae of the Hydrozoa are relatively^small. They range ^rom a centimeter to 
several centimeters in diameter. The lower margin of the umbrella usually projects inward 
to form a shelf called the velum. The gastrovascular cavity possesses the barrel-like shape 
of the polyp, but its structure is rather complex. Branching from the central stomach is a 
series of radial canals which, taken together, resemb*e the spokes of a wheel. These canals 
run down the sidts of the umbrella to the margin. In the margin of the umbrella, or bell, 
they enter a ring canal which runs all the way around the lip of the bell. 

The medusa moves by jet propulsion which is especially effective in species with a well- 
developed velum. ' 




Class Scyphozoa 

The Scyphozoan medusae are the large jellyfishes observed in ocean waters and tossed 
up on beaches. The polyp stage is restricted to a tiny brvai form which is relatively 
insignificant. Scyphomedusae never have a velum which, along with their large size, sepa- 
rates them from the small velum-possessing hydromedusae. 

Jellyfish feed on various small animals, from protozoans to fish or whatever other man- 
ageable creature is paralyzed by their nematocysts. Some have abandoned the use of tenu- 
cles in capturing food. They have become plankton feeders eating plankton trapped under 
the bell as the animal sinks. Mucus on the bell traps planktonic forms. The trapped plank- 
ton is removed from the bell by extensions of the mouth called oral lobes. The food is 
carried to the mouth along ciliated groves on the underside of the oral lobes. This is the 
case in Aurelidy a commonly studied jellyfish (Figure 5). 

Reproduction is through production of eggs and sperm, usually by different individuals. 
The zygote forms a flat larva. The larva settles to the bottom to become a tiny polyp. 
Medusae are produced by division of this polyp into a pile 6f larvae. These lie stacked on 
top of each other like a pile of saucers. As each larva completes development, it breaks 
away and develops into an adult medusa. 

Class Anthozoa 

The anthozoans have no medusa stage anywhere in the class. They exist strictly in the 
polyp form which is capable of both sexual and asexual reproduction. 

The anthozoan polyp is much more complex than the polyp st^es of the other two 
classes. The mouth opens into a well-organized pharynx occupying much of the gastrovas- 
cular cavity. The cavity itsel(^is divided into a series of longitudinaS sections by partitions 
running its length. The partitions, called septa, have nematocysts along their edges (Fig- 
ure 6). Sea anemones, corals, and sea pansies are among the organisms included in class 
Anthozoa. 




Figures. Aurelia. 



Figure 6. An Anthozoan Polyp 




Sea anemones are anthozoan polyps ranging frdm a centimeter to a meter or more in 
diameter. They appear as a heavy stalk crowned by a ring of tentacles. They live in coastal 
waters throughout the worid, but are most abundant, varied, and colorful in the tropics. 

Several species of sea anemones are selected as companions by hermit crabs. The hermit 
cr^b places an anemone on its shell and travels about with it attached. The anemone 
camouflages and protects the hermit crab from potential predators. In return, the aneinone 
gets carried into new areas where it may find more prey to get trapped in its tentacles. It 
may also share the hermit crab's meal. As a method of protection, other crabs hold a pair 
of small anemones in their claws like boxing gloves. ^ ^ ^ 

' ' 1 ^ ; 
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The sea anemones eat various invenebrates which stumble onto the tentacles. Larger 
species can catch fish. The l^xf^e anemones are sometimes aided in fishing by the existence 
of various small fish. These fish are immune to the toxin that can be injected by the 
nematocysts. They live in and around the tentacles of the sea anemone and probably act as 
bait for larger fish. When an animal is trapped by a group of tentacles, other tentacles :oin 
the initial ones, and all fold toward the mouth. The prey enters the anem^e whole and is 
digested in the bag of the body. Some anemones feed by the use of cilia. Beating cilia set 
up feeding currents which entrap small organisms. These organisms are caught in the 
mucus found on the surface of the anemone. The feeding currents propel the entrapped 
organisms. 

A common method of reproduction is called pedal laceration. As the anemone moves 
along, parts of the pedal disc are left behind to grow into new anemones. This is a form of 
asexual reproduction. The anemones may also reproduce sexually. Gonads may change sex 
with age in species that have both male and female reproductive organs. 

Corals 

The stony or madreporian corals form the great reefs and coral islands of the world. 
Coral reefs form local centers of high productivity in the deep sea, which is generally 
almost a desert compared to coastal regions. 

The polyps of the corals strongly resemble sea anemones. However, the stony corals lay 
down a calcium carbonate skeleton. The polyp sits in a cup in this skeleton. The star coral, 
Astrangia, is found as small coral clamps atuched to shells and other flotsam (Figure 7). 
You have no doubt picked up pieces of shell with stony lumps on them containing holes 
almost entirely filled ,with thin radiating septa. These are the skeletons of star corals. The 
fine walls of calcium carbonate fit into the walls forming the longitudinal partitions of the 
anthozoan gastrovascular cavity. In large colonial corals, the cups often run together. This 
is the case in the brain corals of the great reefs. In the brain corals, rows of cups are 
separated. Individual cups in a row are confluent (Figure 8). 

The coral animals usually contain symbiotic algae which are important to the animals* 
existence. For this reason, most reef-building corals live in water no more than 300 feet 
deep. This is the greatest depth at which the symbiotic algae can carry on photosynthesis at 
a sufficient rate to supply the needs of the coral. 




J^igure 7. Astrangia (Star coral). Figure 8. Brain Coral. 
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V 

Coelenterates and Man ^ 

The corals arc by far the most important of the coelenteratesAo mankind. The reef- 
building corals grow only in tropical and subtropical waters where the temperature never 
falls below 2rF. They have built islands and ring-shaped atoUs throughout the Pacific 
Ocean on top of submerged volcanoes. Islands of coral and/or volcanic origin have been 
the sites of development of ^^hole civilizations in the Pacific Ocean. In the Atlantic Ocean, 
the Bahamas and other tropical paradises are largely built of coral. The reefs, like oases in 
the vast desert of the tropical mid-ocean, have supplied food of great variety for the inhabi- 
tants of these islands. The diet of the early inhabitants of the islands was richlv varied. 
Plants supplied the necessities of fresh green vegetables and the reefs supplied fresh animal 
protein of various kinds. 



VOCABULARY 

Asexual reproduction — reproduction without the joining together of sex cells. 

Atoll — a type of coral reef that has an open lagoon in the middle. 

Budding — a type of asexual reproduction in which an outgrowth forms on the parent 

organism and later separates giving rise to a new-organism. 
Cnidoblasts — a type of cell which conuins a nematocyst. ; 
Gastrovascular cavity — ^the central cavity of coelenterates. 
Gonads— male and female reproductive organs in which sex cells are produced 
Larva — an inamature stage in the life of an animal. 
Longitudinal — running lengthwise. 
Medusa — the free-swimming Hfe stage of a coelenterate. 

Mcsogica— a jellylike material between the two cell layers composing the body of certain 
organisms. 

Metagenesis— two different forms of an organism which fulfill both sexual and asexual 
roles in its life cycle. 

Mucus — a slimy lubricating and cleansing secretion. ^ 
Nematocysts — stinging cells fpund in the coelenterates. 

Oral lobe*— extensions of the mouth used-for removing trapped plankton from the bell. 
Pedal disk— a flattened area located at the aboral end of the body of certain coelenterates. 

It is used for attachment. 
Pedal laceration— a form'of asexual reproduction in which portions of the pedal disk % 

develop into new organisms. 
Pharynx — an area within the gartrovascular cavity. 

Pbnkton— small plants and animab floating in the upper layers 6f the water column. 
Polyp— the bottom-dwelhng form of coelenterates which is atuched to a hard surface. 
Productivity— amount of organic material formed in excess of that used for respiration. It 

represents food potentially available to consumers. 
Reef— a ridge of rocks, sand, or coral at or near the surface of the water. 
Septa — partitions found in the gastrovascular cavity. 
Sessile— the condition of being permanently attached to another object. 
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Tentacles — a long appendage, or "teeler", oi certain invertebrates. 
Toxin — a poisonous substance. 

Umbrella — refers to the medusa body torm of certain coelenteraies. 
Velum — the flat muscle band around the edge of a hydrozoan jellyrish. 
Water column — the area from the water surface to the boiioin. 
Zygote — a fertilized egg resulting from the union of sperm and an egg. 



Activity: General Behavior and Feeding Behavior of Hydra 

Objectives 

To observe some of the general behavior patterns of hydra. 
To Investigate the feeding process used by hydra. 
To investigate the firing action of nematocysts. 

Materials (per group of 2 students) 

specimens of living hydra attached to substrate, 1 watch glass (or small dish), pond 
water, brine shrimp larvae, C.5% methylene blue, 1 medicine dropper, 2 microscope 
slides, coverslips 

Procedure 

I. General Behavior of //>'t/r4 

a. Obtain one healthy hydra, attached to a piece of substrate, from the available cul- 
tures and place it in a small volume of pond water. Remember that these are fresh water 
organisms and not marine. Observe them in an undisturbed state for several minutes and 
record the behavioral patterns seen tentacle movement, body bending, etc.) 



b. With a needle or fine forceps, dislodge the basa^l disk of the hydra and watch its 
reattachment. (If you cannot locate the basal disk, consult your biology textbook for an 
llustration of a hydra.) Do the tentacles seem to be adhering to the bottom of the dish? 
What might account for this? 



Repeat the disjodgement procedure several times to see if you can determine how many 
dis^tinct behavioral patterns are involved. Record the time of dislodgement and the time to 
reattach completely. ^ Did you observe them somersaulting? 



II. Feeding Behavior of Hydra 

After your animal has reattached to the substrate, obtain a drop of a suspension of 
Anemia (brine shrimp) larvae. Make sure that these larvae are suspended in fresh water at 
the time of feeding since they have been hatched in salt water. Carefully place the tip of 
your medicine dropper near the ex^nded tentacles or the hydra, taking care not to cause 
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your experimental ^imal to contract. Gently release the Anemia over the hydra and ob- 
serve the results. What happened when the larv ae contacted the tentacles? 



Record your observations in a logical manner including nme ot first contact of the lar\-ae 
with the tentacles, the time of mouth opening and the time of ingestion of the larvae. 



Do animals that have already fed on some lar\'ae take a longer or shorter time to respond? 

How long doc^ it take for a single lar\'a to cease struggling following initial 

contact with the tenucles?^ - 

Does this time vary depending on which pan of the larval body conucted the tentacle 

first? 

Observe carefiv' what happens as the larva nears the mouth region of the hydra. Does 

the rate of mouth-opening increase as the prey nears the mouth? How is the 

prey ingested and what is the behavioral sequence undergone by the tentacles during feed- 
ing? Record the times at the beginnmg and end of each behavioral sequence. Do these 
times vary for individual tentacles on the same animal? 

Before final ingestion remove several Artemia that appear to have made good contact 
with the hydra's tenucles. Place these on a clean glass slide, flatten ur^der a coverslip, and 
observe under the high power your microscope. Can you see any small seed-like struc- 
tures at the ends of threads which appear to have either penetrated the Artemia or wrapped 

around some of the bristles on its appendages? These are the nematocysts that 

are characteristic of the phylum Cnidaria. The toxin released from some of the nematocysts 
was responsible for the paralysis and death of the larvae that you observed. You may have 
trouble seeing the nematocysts unless the larvae are perfectly oriented on your sHde. If you 
do encounter trouble, add a drop of 0.5% methylene blue on the larva and replace the 
coverslip. Flatten the preparation and again observe under the high power objective. Look 
especially at the appendages since they often make first contact with the hydra's tentacles. 

After you have seen the fired nematocysts in the Artemia, flatten a whole hydra or 
preferably some of its tentacles under a coverglass. Add a drop of methylene blue. Can 
you see the nematocysts firing and taking up the suin? A drop or two of distilled or tap 
water may accelerate the nematocyst discharge. Describe the firing action of the nemato- 
cysts 
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VOC^ABULARY i 

Basal disk — structure which anchors the hydra to a substrate. 
Larvae — immature stages in the life of an animal. 
Nematocysts — stinging cells found in coelenterates. • 
Substrate — a surface upon which an organism attaches. 
Tentacle — a long appendage, or "feeler**, of certain invertebrates. 



CONCEPT D 



The amount of specialization shown by the ctenophores indicates that the group is 
clearly distinguishable from the coelenterates. 

Objeahes 

Upon completion of thi> concept, the student should be able: 

a. To list three characteristics of ctenophores which distinguish them from the coelent- 
erates. 

b. To explain the function of coUoblasts. 

c. To recognize and identify the three ctenophores studied when presented with illus- 
trations of various organisms. 

THE CTENOPHORES (PHYLUM CTENOPHORA) 

Another group of organisms that can be collected from the Gulf of Mexico using a 
dipnet or seine is the ctenophores. The aenophores or comb jellies, as they are often 
called, seem related to the coelenterates at first glance. This observation is easily explained 
since ctenophores have a net-like nervous system, a large gastrovascubr cavity with the 
absence of other body cavities, and apparent radial symmetry. When these organisms are 
examined more closely, there are sufficient differences to place the ctenophores in a com- 
pletely separate phylum from the coelenterates. 

Since the ctenophores do not possess nematocysts, one might think that it would be 
difficult for these organisms to obtain food. This is not the case. The ci nophores possess 
structures called coUobbsts that are able to capture food for the animal (Figure 1 A). The 
colloblasts are usually located on the tcnUcIcs. These peculiar adhesive cells secrete a 
sticky substance that is useful in catching prey. 

The tentacles, if present, are usually internal and not radially arranged. They function in 
trapping planktonic organisms with the aid of the coUoblast cells. In this process the tenta- 
cles are extruded and then pulled within, once the prey has been captured. The food is 
removed and quickly swallowed. 

The ctenophores move very slowly and smoothly through the water. This movement is 
possible because of the structure and function of eight longitudinal rows of comb plates 
or ctenes (Figure IB). The comb plates are formed from fused ciKa. During movement, the 
comb plates bear in rhytlvm toward rlbe ahoral end (opposite end from the mouth) of the 
ctenophorc. This beating is under the control of the nerve net pending stimulation by a 
unique structure called a statocyst (Figure IC). The statocyst is a sense organ on the aboral 




Figure 1. Ctenophore Structures. A, CoUoblast. B, Pleurobrachia showing comb plates. 
C, Statocyst. j 
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end of the ctenophore. It consists ot a tiny secreted pebble resting on four tufts of cilia. 
Each ciUar\' tuft possesses a pair of ciliated bands running to the aboral end of a comb plate 
row. If the ctenophore is pushed over in one direction, the statocyst pebbles ^piy more 
pressure on the cilia of that side. This greater pressure causes impulses which generate a 
more rapid beating of that comb plate row. This increased beating gives the needed push 
on the affected side to return the organism to its original position. A ctenophore may also 
reverse the beat of the comb rows to back away from an object in its path. 

Ctenophores are luminescent creatures. The light that is observed radiates from canals 
under each row of comb plates. It has a tather speaacular bluish tint that, if seen, will not 
quickly be forgotten. 

Ctenophores are carnivores. Since ctenophores may consume an enormous quantity of 
food in a very short period of time, they can become a serious predator of commercial 
species^|)f marine life. A single ctenophore may easily consume over 125 oyster larvae at 
one time. In addition to oyster larvae, ctenophores prey on other planktonic forms such as 
lan-ae of fish, shrimp, crabs, clams, and other valuable species. A very large population of 
ctenophores may be so destructive that cenain links in the marine food chain disappear for 
a ver>' long period of time. 

Pleurobrachia is probably the most common ctencphore (Figure IB). Observing the 
figure, you can note the ver>' large tentacles which are not radially placed. This organism is 
usually not found in the Mississippi Sound and adjacent Gulf of Mexico since it prefers 
colder water. 

Two species found along the Gulf Coast in profusion are Mnemiopsis and Beroi- 
Mnemiopsis is fairly large and is often overlooked because of its transparency (Figure 2A). 
It can easily be recognized by the two large lobes that make up most of its bulk. Beroe is 
about the same size as Mnemiopsis, but is somewhat more flattened and lacks lobes and 
tentacles (Figure 2B). Beroe or the sea walnut, as it is sometimes called, is usually more 
common in the winter; whereas, Mnemiopsis is the more common species during the sum- 
mer. 




A. B. 

Figure 2. Ctenophores. A, Mnemiopsis. B, Beroe. 
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VOCABULARY 



Aboral — the side opposite the mouih. 

Carnivore — an animal which preys on other animals. 

Cilia— cinv, hairlike projections; used for locomotion in some organism^. 

Collobbst — an adhesive ceil found in the tentacles of ctenophores. 

Comb plates — rows of long, fused cilia which are used for locomotion by ctenophores. 

Gastrovascubr cavity — the central cavity of coelenterates. 

Larva — an immature stage in the life of an animal. 

Longitudinal — running lengthwise. 

Luminescent— light emitted from organisms by physiological processes, chemical action, 

friction, electrical, and radioactive emissions. 
Nematocyst — stinging cells found in coelenterates. These specialized cells are used tor 

trapping food 

Radial symmetry— a body plan in which a cut lengthwise through the middle in any 

direction produces two identical halves. 
Statocyst — the balancing organ of the ctenophores. 
Tentacle — a long appendage, or "feeler", of certain invertebrates. 

CONCEPT E 

The marine species of polychaetes possess numerous sensory structures. They serve as 
food for other organisms in the marine environment. 

Objeaives 

Upon completion of this concept, the student should be able: 

a. To describe the general body structure of a polychaete. 

b. To list the scientific names of two of the polychaetes studied. 

c. To explain the process by which the clamworm makes its tube. 

d. To discuss the importance of polychaetes to the ecosystem. 

THE ANNELIDS (PHYLUM ANNELIDA) 

The worid of marine worms has been known to man for as long as he has lived along the 
shores of salt waters. Perhaps the best known class of worms living in the sand and mud 
flats washed by the tides is the polychaetes (Class Polychaeta). This particular class 
contains over SOOO marine species. 

Polychaetes are close marine relatives of terrestrial earthworms. The polychaetes possess 
certain characteristics that are common to all members of phylum Annelida. Some of these 
characteristics include: (a) body divided into segments, (b) body cavity separated from the 
digestive tube, (c) •'brain" is on the dorsal side of the anterior end of the worm, (d) ner\c 
cord runs throughout the body on the ventral side, (e) a closed circulatory sysum is 
present, and (f ) the body wall contains circular muscles, those that go around the body, 
and longitudinal muscles, those that go up and down the body. Polychaetes typically have 
paired bristle-like appendages on each segment ("polychaete" means many-bristled). 



Along the sides of the body are fleshy paddle-like lobes, filaments, or other paired struc- 
tures which may be used for swimming, burrowing and/or respiration, depending on the 
species (Figure 1). The brisdes have a great variety of shapes and are often used to distin- 
guish one species from another (Figure 2). Polychaetes hve in many ways. They Uve as 
tube dwellers that trap and filter their food, and sometimes as nomadic predatory animals 
feeding on other soft-bodied creatures. Nearly all polychaetes have varying combinations 
of tentacles, antennae, cirri, and palps concentrated near their anterior end that provide 
acute senses of taste and touch. Most polychaetes have at least one pair of these structures 
on the roof of the head. 

Sexes are usually separate. Eggs and sperm are shed freely in the water, sometimes in 
response to temperature change, but often cyclically m tune with the tides. The eggs hatch 
into larvae which drift with the currents for a varying number of days before sealing to 
the bottom and developing into adult worms. At least 80 species of polychaetes are known 
from the Mississippi Sound but there are probably many more yet to be discovered. We 
will mention only a few of these polychaetes in the following sections. 





Thi: Parchment Tube ^ orm 

The creamy-whiie parchment tube worm, Chaetopterus. lives in a two-toot-long, U- 
shaped tube of seii -manufactured parchment (Figure 3). Tlie openings to these tubes are 
located at the surface of mud flats, Chaetopterus uses us fan-shaped parapodia to propel 
currents of water past Its body m the tube. Water is sucked in at one end of the tube, 
bringing ovygen and pUnkton (food materia]), while wastes are discharged at the other end 
or the tube. These tubes can be seen dotting the bottom of the Sound at low tide. The 
i "'-minute feeding cycle of ( haetopterus includes water filtration and subsequent ejecnon 
ot paniculate matter. 




Rgure 3. Chaetopterus in its Tube. 
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The Clamworm (Sandworm) 

Nereis, the clamworm, (Figure 4A) lives in the sand in tubes where characteristic casts 
can be readily recogni^ea. The tubes arc made by the secretion of a sticky mucus from 
glands along the body. The mucus hardens quite rapidly, at the same time incorporating 
grains of sand from the environment. This flexible tube fits the worm so closely that, using 
its bristle-like spines, it can move within it and out of it with considerable speed. Since the 
clamworm \s habit is to leave its burrow at night, it is at this time that the worm becomes 
prey to ceriairi fish which prod it out of the sand. 

Like other poiychaetes, the clamworm's head has special sense organs consisting of two 
dorsal tentacles, a pair of ventral taste organs, four eyes, and four sense organs around the 
mouth. The mouth has a reversible proboscis with a few sets of spines, and ends with two 
dark-brown, cow-horn-shaped jaws that can bite vigorously.' Depending on the age ahd 
' size of the worm, there may be a considerable number of uniform segments behind the 
head. The last segment bears a pair of trailing, short, string-like sense organs. New seg- 
ments are always added just in front of this terminal segment. 




Figure 4. A, Nereis, (Clamworm). B, Arenicola (Lugworm). C, Arenicola in its Burrow. 
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The Ltigworm 

Arenicola, the lugworm, (Figure 4B) is like the earthworm in that it is a burrower. The 
lug'^/orm can attain a length of 15-20 cm. It lives well below the surface in J -shaped 
burrows situated below or just above the low tide mark (Figure 4C). Its burrow is lined 
with mucus which prevents collapse of the burrow. Arenicola feeds by extracting organic 
matter from tine sand and debris that it takes in as it burrows along. 



• The Trumpetu'orm 

Pectinuria goiildii^ the trumpet worm, (Figure 5 A) is a deposit feeder. This animal is 
called the trumpetworm because it fashions a cone-shaped tube of a single layer of carefully 
fitted sand grains cemented together with mucus. The warm carries its trumpet around, 
large end first, as it burrows through the sediment. P. gouldii digs with a row of golden 
setae which surround the head. 



The Ragworm 

Diopatra cuprea or ragworm is found in sheltered bays and beaches. This worm con- 
structs a vertical tube which may extend 30 centimeters into the sediment although the 
animal itself seldom exceeds 10 centimeters in length. Several centimeters of tube extend 
above the sand. This portion of the tube is decorated with twigs, shell fragments, and other 
debris (Figure 5B). D. cuprea is a scavenger; it extends its body part way out of the mouth 
of its tube to search for food. The tube itself may serve as a giant filter to trap tiny, drifting- 
plants and animals. The body of the ragworm is brown to iridescent green in color. The 
anterior end is provided with many pairs of gills, each one resembling a miniature red fir 
tree, and there are seven antennae on the head. 



The Feather Duster Worm 

The feather duster worm, Hydroides, cin be found near the barrier islands in the Missis- 
sippi Sound (Figure 5C). These worms build a calcareous tube attached to hard substrates 
such as rocks, dead shells, and shipwrecks. The feather dusters have a crown of colorful 
tentacles or gills which they extend from the tube to trap drifting plankton for food. If 
disturbed, the worm quickly withdraws into the tube and covers the opening. 

# . 33 
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VOCABULARY 

> 

Anterior — from part of an animal. 

Appendage — an outgrowth of the body of an animal. 

Calcareous — composed of calcium carbonate. 

Cirri — appendages used for scooping plankton from the water. 

Closed circulatory system — one in which blood is confined to tubes throughout its course 

from the heart and back to the heart. 
Dorsal — the topside of an organism. 
Egg — a female reproductive cell. 
Larvae — immature stages in the life of an animal. 
Mucus — a slimy lubricating and cleansing secretion. 

Mud flat — a level tract of land at little depth below the surface of water, or alternately 

covered and left bare by the tide. 
Palp — a type of sens^ organ found on the "head" region of polychaetes. 
Parapodia — the segmental appendages in polychaete worms that serve in breathing, 

locomotion, and creation of water currents. 
Proboscis — a tubular extension used in feeding. 

Setae — bristles on the polychaete worm body that are usually used in locomotion. 
Sperm — a male reproductive cell. 

Tentacles — a long appendage, or "feeler", of certain nvertchrates. 
Ventral — the underside of an organism. 



Activity: How Does Nereis React to a Changing Environment? 

Objective 

To investigate the response of a marine worm to a change in its physical environment. 

A very basic characteristic of animals is their ability to respond to a change that might 
occur in their environment. This ability to respv u ' permits the animal to function in a 
much greater range of habitats and to survive through extreme environmental changes. 
Some of the responses are ver>^ easily detected, others are harder to detect. A change in 
temperature will usually cause some sort of response in most organisms. 

In this experiment we will use Nereis, also called the clamworm, as our test organism. 
The dorsal blood vessel of the clamworm fills and empties once for each contraction of the 
worm's aortic arch series or elastic blood vessels. This provides an excellent mechanism 
for studying the "pulse rate" of the worm. The dorsal blood vessel can be seen as a dark 
wavy line under the skin and it disappears when emptied by the action of the aortic arches. 
You will determine the effect of different temperatures on the "pulse rate" of the clam- 
worm. Before we begin the experiment, let's make some predictions. What will happen to 

the clamworm *s pulse rate when we increase the temperature? _ 

What if we lower the temperature of the water? 
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Materials (Per group of 2 students) 

1 Nereis specimen, 1 hand lens, 1 thermometer, crushed ice, warm water culture dishes, 
Instant Ocean® (substitute for sea water). 

Procedure 

Fill a culture bowl with sea water at room temperature. (If you use Instant Occan'^ as a 
substitute for sea water, follow instructions on the package for its preparation). Determine 
^ the temperature of the water using the thermometer and record that temperature in the 
data table. Place a specimen of Nereis in the dish. Make three measurements of "pulse rate 
per minute of the worm. Record this information in the data table. 

After completing the pulse rate count for room temperature, you should repeat the 
experiment at a warm temperature and a cold temperature. Heat some water to a tempera- 
ture 10-20X warmer than room temperatujre. Cool the water with crushed ice to a tem- 
perature 10~2C°C cooler than room temperature. In each case change the water in the 
culture bowl and use first the hot then cold water. After introducing the hot or cold water, 
allow the experiment to set for a few minutes to allow for complete temperature equaliza- 
tion. Check the actual temperature of the water using a thermometer and then complete 
the pulse rate count three times at each temperature. 



Data Sheet 



' Pulse rate per minute 





Actual temp. 


Trial I 


Trial 2 


Trial 3 


Average 


Room temperature 












10-20''C warrr 
than room temp. 












10-20'' cooler 
than room temp. 













After you have finished this experiment, complete the following ^raph. 
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Extending Your Thoughts 

Why is it important for an organism to be able to adapt to changing environmental condi- 
tions? " — — 

Do you think that other worms would behave in the same manner as Nereis? ^ 

Design an experiment that will enable you to find out if the answer you just gave is cor- 
rect What worm(s) are you going to use in the experiment? 



Why must we be careful about stating our results from this experiment? 



How can we provide better biological data concerning an investigation of this nature?. 



VOCABULARY 

Aortic arch— large, muscular tubes which alternately contract and relax, keeping the blood 
flowing. 

Dorsal — the topside of an organism. 
Environment — the surroundings of an organism. 
Habitat — the place where an organism lives. 



Activity: Oxygen Consumption by Marine Worms 

Objective 

To study oxygen consumption by marine worms, using Nereis as the experimental or- 
ganism. 

Materials (per group of five students) 

1 gallon of sea water or Instant Ocean®, 6 live clamworms, 2 one liter jars with lids, 1 
kit for dissolved oxygen test 

Procedure 

In this investigation we will determine.the rate of oxygen consumption by Nereis over a 
given period of time. It is your responsibility, to develop a table that is suitable for record- 
ing your obser\'ations and data. Take a few minutes to read the rest of theicxperiment and 
design ycur llble on a separate sheet of paper. 

Weigh six specimens of Nereis. What problems did you have in weighing these 
worms? — 
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It is likely that the problems occurred due to lack of experience in using a balance. If you 
still do not understand the correct procedure for*using laboratory balances, ask your 
teacher for assistance. ^ 

Pour approximately two liters of the sea water into a gallon jar and splash the water back 
and forth in the jar. What is the purpose of such agitation? 

Determine the temperature of water in the gallon \ar: Fill the first liter jar to 

overflowing with water from the gallon jar. Cap the jar well. What differences might exist 
between a capped jar filled with water and an uncapped jar filled with water from the same 

source ? '. 

How could you definitely find out? — — = — ^ — = — 

Carefully add water from the same gallon jar to fill the second liter jar to overflowing. 
Place Nereis specimens in the second jar and cap it well. 

Obtain a dissolved oxygen testing kit from the supply table and read the instructions 
included in the kit. From your reading, why do you think dissolved ^xygen (DO) level is 
so important to marine and freshwater organisms? / 



Can you think of any ways to change the amount of DO in a water sample? List them. 



What would happen to the dissolved oxygen content of a water sample if we raised the 
temperature of the sample? 

Using your DO kit, check the amount of dissolved oxygen present in another sample of 
sea water from the gallon jar. Assume that the amount of dissolved oxygen in this sample is 
equal to that in both liter jars at time "zero". 

After one hour, determine the oxygen content of both jars. Use the first jar to correct 
the readings of the second jar, the one containing the worms. 

Extending Your Thoughts 

1. Based on your obser\'ations and data collected, what would you predict about the 
amount of oxygen consumed by other animals? — 

2. Why must Nereis and other animals consume pxygen? Why can't animals use carbon 
dioxide, like plants? 



After doing some background reading, on a separate sheet of paper write a paragraph 
explaining what you found out about the role of oxygen in an animal's body. 



CONCEPT F 



Mollusks arc extremely variable in shape ancl*size. Oysters. ar^ t)ie most important mol- 
lusk in the Mississippi coastal economy even though several other mollu;^ks are used as 
food sources. 

Objectives 

Upon completion of this concept, the student should be able: 

a. To name at least five types of mollusks. 

b. To describe the general characteristics of mollusks. 

c. To discuss the importance of mollusks tb the ecosystem. 

d. To discuss the economic importance of mollusks. 



THE MOLLUSKS (PHYLUM MOLLUSCA) 

Mollusks are soft-bodied invertebrates that usually have a chalky shell into which the 
soft body can withdraw during times of danger. There are over 80,000 species, the major- 
ity of which are marine, with some living in fresh water and others on Und. They in^ ludv 
slugs, snails, limpets, whelks, oysters, clat^is^ w ilJops, as well as the sKeli-iess and 
attractively colored sea slugs. The squid and octopus, which are exclusively marincj are set 
apart from the rest of the mollusks by their agility and well-developed eyes. Mollusks are 
exceedingly diverse in outward appearance, not only with respect to the shell but also the 
soft parts of the bodies. Mollusks date back to precambian times, 600 million years ago, 
and because their shells are readily preserved fossils, they are of great importance to geolo- 

Fossil evidence indicates that the first mollusks were marine in origin and their larvae 
were undoubtedly trochophores like the larvae of annelids. These larvae are top-shaped 
with a tuft of sensory cilia at the apex and pre-oral and post-oral ciliary bands which serve 
to rotate the body and also collect microscopic particles of food. p 

The shells of mollusks vary from one piece in the gastropods to two shells in the 
bivalves and eight dorsal plates in the chiton shells (Figure 1 A). Sea slugs and some terrest- 
rial slugs have no shells. The mantle, a thin membrane, covers the internal organs which 
are concentrated in what is called the visceral hump. T^e gills, respiratory organs of the 
aquatic mollusks, are located in the niantle cavity. Cilia on the gills maintain il; flow of 
water through the mantle cavity. A sense organ called the osphradium, located on the 
margin of each gill membrane, tests the water for turbidity and contamination. A gland 
called the hypobrachial gland produces a secretion to consolidate any sediments drawn 
into the cavity. The anus, kidney, and genital opening are associated with the exhalent 
current which carries waste as well as reproductive cells to the exterior. 

The evolution of presfeift day mollusks can be traced from a bilaterally symmetrical 
moUusk with an uncoiled shell, a foot with a broad sole and a definitive head,||)oth covered 

by a shallow mantle cavity. It is assumed that this ancestral mollusk resembkd-the.present 

day "living fossil" called Neopolina (Figure IB). This animal has a limpet-like shell, a foot 
whose sole is circular in outline and separated from the shell by a broad groove, and a 
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mantle cavity which extends around the shell and contains five pairs of gills. The mouth 
contains a protrusible tongue called the odontophore which bears transverse rows of 
chitonous material called the radula. The radula is a distinctive feature of mollusks. Mod- 
ern day chitons have retained this basic body form with an increase in size and musculature 
of the fool and the number of gills. The shell of a chiton is a series of eight movable plates 
which facilitates the creeping of the flat, elongated body over uneven surfaces. All other 
classes of the phylum have deviated considerably from the prdtotype. 

It Aciapiation to the greatest number 6f habitats is a sign of success, the most successful 
body plan is that of the gastropods. The most primitive gastropods retain a rock-clingmg 
way of life while the most advanced display a freedom of movement associated with the 
loss of the shell, the visceral hump, and the mantle cavity.^ 

Mollusks have adapted to life in an extraordinary number of ecological niches partly 
because of their ability to evolve a variety of feeding mechanisms. The vast majority are 
equipped with an apparatus which permits them to lake in small particles. The first mol- 
lusks most likely had head appendages to gather food and used the radula to rake food into 
the mouth. Later the head appendages were lost and the radula was used to scrape food 
from rocks and plants. Primitive bivalves have lost the radula and rely totally on the head 
appendages. Most of the others have evolved a mechanism for collecting particles in sus- 
pension, using currents,drawn across the gills. 

In certain gastropods a long proboscis has developed for reaching food which Would not 
otherwise be available. The food may be animal tissue, either living or dead. Locally the 
Thais, or oyster drill, bores a hole through the shell of another mollusk and gains access to 
the soft parts by means of the proboscis (Figure IC). Some whelks are carrion-feeders and 
use the proboscis to feed on putrified flesh some distance away. The most highly evolved 
gastropods are hunters and inactivate their prey by means of fluid injected from the mouth 
or through a hollow radular tooth. 

The most active predators are the cephalopods — squids, octopuses, and cuttle fish. 
They produce a powerful, poisonous saliva which aids in breaking down the flesh of their 
prey fo * ^asler digestion. 

The sorj' equipment of mollusks includes eyes, tentacles, and osphradia. There are 
also statocysts and numerous local sense organs in various parts of the body such as the 
oral lips, the side of the head and t;he mantle edge. The general surface of the body is 
sensitive to contact and chemical stimulation. In gastropods the eyes do little more than 
detect light and, in some cases, the general form of objects. In cephalopods the eye is the 
dominant sense organ fully comparable to the mammalian eye. With the exception of the 
Nautilus, each eye has a cornea, iris, movable lens, and retina (Figure ID). Experiments 
prove that these eyes can detect images, shapes, and some colors., The tentacles are the 
main tactile organ of gastropods and guide their movements through their environment. In 
cephalopods suction discs on the tentacles are used to seize the prey in a firm grip to 
ensure that the prey does not escape. Octopuses use their tentacles to explore small 
crevices and holes, quickly learning the hiding places of the animals they relish. Paired 
statocysts are the organs of balance and correspond to the labyrinth in the vertebrate ear. 
They are aisp sensitive to sound, but only at low frequencies. 

Brain development in the invertebrates is greatest in the cephalopods. The ganglia are 
fused to form a large brain mass surrounding the esophagus. The larger nerve cells control 
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the motor functions while the smaller ones are aggregated into lobes which serve in sensory 
integration and memory retention. The giant axons of the squid have provided much of 
the information on which the generally accepted theory of nerve conduction rests. 

In the majority of mollusks the sexes are separate and even in hermaphroditic forms 
cross fertilization is the rule. In chitons and bivalves the ova and the sperm are liberated 
into the water and fertilization is external. Eggs either float singly, are incubated in the 
mantle cavity, or are attached in a mass to the substrate. Highcf^astropods and 
cephalopods hz\c more elaborate egg coverings and fertilization is internal. In some gas- 
tropods and in all cephalopods, development of the organism takes place inside the e^:; 
case and the young hatch as miniatures of the adults. In all others the embryo hatches as a 
trochophore larva. 

VOCABULARY 

Annelid — a segmented worm. 

Axon — a nerve process that carries an impulse away from the nerve body. 
Bilateral symmetry — body pattern in which one side of an animal is a mirror image of the 
other. 

Bivalve — a mollusk possessing a shell of two valves hinged together; includes clams, oy- 
sters, and mussels. 
Carrion — dead and decaying flesh. 

Cilia — tiny, hairlike projections; used for locomotion in some organisms. 
Dorsal — the topside of an organism. 

Hermaphroditic — referring to the condition in which an organism has both male and fe- 
male reproductive systems. 

Hypobrachial gland— a gland which produces a secretion that consolidates any sediments 
drawn into the mantle cavity. 

Invertebrate — an animal without a backbone. 

# 

Activity: Behavior of Certain Gastropods 

Objectives 

To make "radula tracks" of Littorina or various freshwater snails. 

To study the parts of the oyster drill and to observe its feeding behavior. 

Afaterials 

Part I: Littorina and various freshwater snails, 3 inch square glass plates, bottles of India 
ink, small paint brushes, glass or plastic containers large enough to hold a glass plate, 
varnish (optional) 

Part II: oyster drills, oysters, chopped oyster, two complete salt water aquaria set-ups, 
thread 

Procedure ^ 

L The radula is important to both herbivorous and carnivorous snails since it is used for 
obtaining food. This structure functions in a rasping fashion, that is, it dislodges food 
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material along the surface of rocks or other materials by means of a scraping process. The 
food material collected in this manner is directed into the mouth of the snail. The radula is 
sometimes difficult to see in a living snail; however, we can observe the results of the 
action of the radula through preparation of "radula tracks". Obtain a piece of glass, a 
bottle of India ink, and a small paint brush from the supply table. Paint the piece of glass 
with India ink and allow it to dry thoroughly. Next, place the piece of glass in a container 
of sea water or fresh water, depending upon the type of snail you are using. Place one or 
more snails on the painted glass plate. Make observations for the next 5-10 minutes or 
longer but do not disturb the snails unless they move off the glass plate. Describe what 
happens and then make a drawing of what you see. 

^ Workmg with your partner and using the observations that you recorded, describe what 
the radula must look like within the actual living snail — 

If you were to use a different snail in your experiment, what would the new radula tracks 

look like? Would they lodk the same as the previous set? 

Upon what facts, observations, or other data do you base this conclusion? 

* ^ ^ i 

You may preserve your radula tracks by removing the glass plate from the ^ter, allowing 
it to air dry, and applying varnish to the glass. j., 
11. Place two oysters and two oyster drills in one saltwater aquarium. Allow the oyster' 
drills to drill through the shells. This may take several days. Describe the day-to-day 
behavior of the oyster drill 

Put the other two oyster drills in the second aquarium and drop two or three small pieces 
of chopped oyster on the bottom of the aquarium. How long does it take the oyster drill 

to find the chopped oyster? What "senses" do you think might be 

used by a snail when trying to locate food material? 

After several hours, hang two small pieces of chopped oyster by a thread five to seven 
centimeters in the water. Observe the oyster drill's foot as the organism moves up the 
glass. Observations 

Notice the action of the radula as the oyster drill eats. How would you describe its mo- 
tion?. 

Place small pieces of oyster on the top edge of the aquarium and observe the snail as it eats. 
How is the proboscis useful in gathering food? 



VOCABULARY 

, ✓ 

Carnivorous — refers to animals which prey on other animals. 
Herbivorous — refers to animals that are adapted to feeding on plants. 
Oyster drill — a shelled mollusk which obtains its food by drilling a hole in an oyster shell 
and digesting the oyster. 
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Proboscis — a tubular extension used in feeding. 

Radula — a rasping organ used in feeding and found in gastropod mollusks. 

Activity: What Can a Shell Tell Us? 

As you walk along the beach, shells of various sizes, shapes, and colors are nearly al- 
ways plentiful. Many visitors to the Gulf Coast pick up shells along the beach. Unfortu- 
nately, these shells are sometimes collected, put in a box, placed somewhere on a shelf in 
the back of a closet, and never looked at again. Today we shall observe some shells and try 
to develop an understanding of the organism that once lived inside. 

Objectives 

To examine the similarities and differences in some common shells that we migh; find 
along the strand line. 

To become aware of anatomical features of some of the common mollusks. 

To identify some common mollusks by using a taxonomic key. 

To prepare a simple key to enable others to identify an unknown mollusk. 

Materials (per group of three to four students) 

Set of locally collected, shells, e.g.. mussel, razor clam. scallop> whelk, and boat shells or 
Atlantic Coast Shell Collection (available from Carolina Biological Supply Company) 

^^ocedure 
Part I 

Several shells have been selected for your study today. Take them out of the container 
and examine each shell carefully. Separate your assortment of shells into two groups* and 
list the charatter^tics of each^^ipelfp. 

^^^jtoup I Group 11 




Now make several groups |rom ^ch of the two previous groupings. List the attributes that 
ed you to divide them in thi^thanner. 



causeo 





^ 







Could we continue separating the groups until there is only a single member in each 



group?- 



Part II 



The Wlowmig two pages contain sketches of some of the shells-from your collection. 
The firsE thirag you should do is to match as many of the shells with the skeirtches as ydu 
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Numbered Shells 



In Pan I you divided your collection ot shells into two groups. List below the numbers 
of the shells that you included in ^ach of your two groups. 

Group I Group II 



Part in 

Prepare a word key for the collection of shells that has been provided for you. Remem- 
ber that each set of two statements, called a couplet, should be relevant to each shelL You 
should be able to say "yes it is" or **no it is not" in each case. The observations that you 
make during the other activities should be of value to you. There are also additional pages 
of example univalves (Figure 1) and bivalves (Figure 2) which will help you with unfamil- 
iar terms. Typical gastropod shells with the parts labeled can be found in Figure 3. 



VOCABULARY 

Bivalve — a mollusk possessing a shell of two valves hinged together; includes clams, oy- 
sters, and mussels. 

Strand line — a shore or beach; especially, one above the present water level 

Taxonomic key — a table in which the distinguishing characteristics of a group of plants or 

animals are arranged so as to make it easier to determine their names. 
Univalve — a mollusk that possesses only one valve (shell). 



Key to the Shell Collection 

1. (a) . 

(b) _ ^ _ . 

2. (a) 

(b) . 

3. (a) . ^ 

(b)^^ 

4. (a) _ 

(b) ^ . 

5. (a) _ _ 

(b) ^_ 

6. (a) 

(b) : 



48 



7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
13. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
23. 
26. 
27. 
28. 



b) 



tubular 

globuiar/giobose conic 




Figure 1. Diagrammatic illustrations of typical gastro )od shapes. 
50 

5 a 




elliptical 

O 

trapezoid 
tostrate 




oval/ovate 



elongate 



pear shaped 
f^n shaped 



Figure 2. Diagrammatic illustrations of typical bivalve shapes. 
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suture 



shoulder 



bodv whor! 



parietal wall 



base 




abapic^l 




umbilicai callus 
umbilicus 



nuclear whorls 
nodules 
beads 

axial rib or costae 
spiral cord 
columella 



anal or posterior canal 



outer lip 



columella plicae 
siphonal or anterior canal 



body whorl 




anterior canal 



Figure 3, Parts of the gastropod shell. In this composite shell the columella is seen 
through a cutaway section. 
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Activity: Are All Members of a Species Alike? 



Objeatve 

r 

To perform investigations that will demonstrate size, color, and weight variations within 
a species. 

population is made up of many organisms of the ^ame species living in a particular 
geographical area. The individuals usually spend thei*^ entire life cycle in one community. 
They begin their life cycles, grow to maturity, go through a declining period and finally 
die This individual growth curve is very similar to the growth curve for the entire popula- 
tion. There will be a very rap 1 growth period in the entire population. This is followed by 
a leveling ofi or steady state if the environment can suppon a large number of individual 
organisms. If the environment cannot support the population then it will have a tendency 
to decline. Usually in any community the number of organisms entering a {>opulation is 
equal to those that are leaving. 

When we examine a population we will find organisms at all stages in the life cycle. 
Color, size, and age will be somewhat different among the organisms of a selected random 
sample. Many times these differences will cause organisms to appear to be from different 
populations when they are not. Adult organisms may not be of the same uniformity due to 
variation that exists within a species. Why do you think we have variation? 



In this investigation we will attempt to discover if there is variation in the common 
marine organisms that are found along the coasdine of Mississippi and Alabama. We will 
use the small coquina clam^ Donax variabilis, in our investigation. 

Materials (per group of students) 
25 Donax variabilis shells, sheet of graph paper marked off in 0.3 cm squares, balance 

Procedure 

Select 25 Donax shells at random from the storage container. Place a shell on the graph 
paper and determine how much space it occupies. To determine this amount of space draw 
around the shell with your pencil, remove the shell from the paper, and count the number 
of 0.3 cm squares that were covered by the shell. For those squares that were partially used, 
estimate the amount of area that was covered by the shell. Repeat this procedure for the 
remaining 24 shells. Record the number of squares covered by each shell in the appropriate 
spaces on the data sheet. 

Weigh each shell to the nearest :enth of a gram and record the weight on the data sheet. 
Determine the color of each shell as best you can and record in the proper space on the 
data sheet. Compile all your data and prepare a line graph. (Note that graph paper has 
been provided and that the axes have already been labeled.) 
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Distribution of shell size 
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Data Sheet for Donax variabilis 



SheU No. 


Number of 
Squares 
Covered 


Mass of Shell 


Predominant 
Color of Shell 
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Extending Your Thoughts 

1. What is the most accurate nurrber of squares that can be covered by the small clam 
Donaxf— . . 

2. What is the most accurate weight of a typical Donax shell? 

3- What is the color most frequently encountered in your set of shells? 

4. How did you arrive at the answers to the above three questions? 



3. How duc:> \our graph on shell size compare with ihe ^;raphs constructed by your 
classmates? 

6. Would a larger number of individuals from a population mcrease your estimate of 

that population? 

Explain . = = m — ^ — _ — ^^—^ 

7. Does there appear to be any relationship between color and weight? — 

Explain 

Does there appear to be any relationship between size and weight? . — 

Explain C- 

8. Should you find a population of Donax variabilis in an isolated area 400 miles 
from where you collected your sample, what would you expect as far as color, size, 
and weight of the newly discovered shells? 



9, How would you verify that the clams found in question eight are the species that 
we thought they were? . 



10, Do you think we would find variation in such organisms as the squid, octopus or 
oyster just as we found in Donaxf Explain 



VOCABULARY 

Community — all of the populations of organisms in a particular area. 
Life cycle — a fairly definite period of life. 

Population — a group of individuals of any one kind of organism in a given ecosystem. 
Random $amplcr-a type of sample in which each individual in the group being studied has 
an eoual chance of being selected. 
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Activity: A Common Cephalopod — ^Thc Squid. 



Ohjectizey 

To examine the external and internal structures ot a representative cephalopod. 
To become familiar with the lite histor\' of the squid. 

The squid is a common inhabitant of the eastern seaboard and the Gulf of Mexico. These 
animals may range in size from 2.5 cm to the giant squid which may be 6 meters in length 
or longer. Fossil records indicate that the squid has been around for a long time. 

The characteristic shape of the body enables the squid to dart through the water with 
great speed. This lightning-iike speed is accomplished by jet propubion. Water within the 
mantle cavity is forcibly ejected through the siphon which propels the squid in the oppo- 
site direction. For ordinary sw^imming the squid uses its lateral muscular fins w^hich permit 
backward and fort^ ard movement at slow speeds. 

Even though the squid is a fast swimmer, it often falls prey to some of the larger pred- 
ators. If the squid becomes cornered, it has the 2bility to discharge an inky fluid into the 
siphon and thus out of the body. This mechanism usually clouds the water and enables the 
organism to swim away from the attacker. 

Squids have the ability to change color, which is also a very effective protective mecha- 
nism. Complex chromatophores lying below the thin epidermis arc controlled by tiny- 
muscles. 

Two kinds of skeletons arc found internally in the squid. One is called a pen* It is 
composed of chitin and lies in the mantle. The other one is composed of cartilage and \s 
similar in structure to a skull that encloses the brain. 

The foot of the squid is composed of ten muscular arms that possess suction disks. Their 
arms may be mod tied for different functions. One pair is longer than the others and is 
used in capturing prey. The other arms may assist in food-getting by holding the prey 
while it is being torn apart by the radula and crushed by the mandibles. The lowest left 
arm in male squid is modified for sperm transfer. 

The internal organs are much like those of other mollusks. The digestive system contains 
a rather long esophagus, opening into a blind stomach. There is a large caecum expending 
from the stomach to the posterior portion of the organism. The stomach empties into an 
intestine which opens through the anus into the mantle cavity. This provides the same 
flushing system that is used by the bivalves. 

Circulation is accomplished by two types of pumping structures. One type, an arterial 
heart, pumps arterial blood throughout the body. The other type consists of two branchial 
hearts, one located at the base of each gill. They receive the venous blood from the body 
and pump it through the gills to the arterial heart. 

The nervous system consists of a ganglion, referred to as the brain, that encircles the 
esophagus. Huge nerve fibers that radiate from this central ganglion innervate the muscle 
fibers for contraction. 

As is found within many other invertebrates, the squid has a pair of statocysts located in 
the skull that act as organs of equilibrium. Light stimuli are received by an eye that resem- 
bles the eye found in vertebrates. The eye is made up of a transparent cornea, a pigmented 
iris, a somewhat spherical lens located in a vitreous chamber, and a retina. 




Wh^n the squid nxaturrs sexually, a single gonad fills the posterior end of the oi^anism. 
The mature male produces packets of sperm cells called spcrmatophorcs. The male 
transfers these packets of sperm to the female and she fertiUzes the eggs The eggs are 
embedded in a jelly-like sub-irnce. Fertilization is acc omplished and the fertilized eggs 
develop into tiny ind!v:.fa;».;> fr^t resemble the parent. They swim about in the water 
feeding on plankton. Ii is ui. omm o co see rather large schools of tiny squid. 

You will now examine a piV^ rved specimen of the squid Loligo. Try to locate each 
anatomical feature as it is discus ied. (Figure 1 should help you do this.) Locale the mantle 
which covers most of the body. Note that it ;s thick and muscular and takes the place of 
the shell found in other mollusks for protection of the internal organs. The skin is ot a 
mottled color where the dark color is due to irregularly-shaped pigment cells called 
chromatophores. Remove a section of skin and place it on a slide and view the difference in 
color and the irregular nature of the chromatophore- 

Water enters the mantle cavity of the living squid around the head. The water within the 
mantle cavity is expelled in a jet-like fashion through the funnel (excurrent siphon). This 
funnel can be directed either forward or backward. This provides the squid with great 
versatility in locomotion. Can you find thi^i funnel? Now locate the eyes. Structurally they 
are very similar to ours. Can you name some similarities? ^ 

The foot of this animiri is not like those of the bivalves. How i| this foot constructed? 

There are arms found on the specimen. Suckers are found on of 

the arms. Two arms are longer. What is the function of these long arms which are some- 
times called tentacles? . ~ 

Locate the mouth at the center of the ring of arms and tentacles. Describe what you 

see.= - — = 

It is surrounded by a structure called a buccal membrane with several sucker-like projt:.- 
tions on it. If the organism is a female, there will be a small pouch called the sperm 
receptacle found on the buccal membrane. Can you now determine the sex of the squid? 
What is it? ^ 

You have already learned that the male squid produces sperm in packets called sper- 
matophores. During mating the packets of sperm are transferred from the m?Je squid to 
the sperm receptacle of the female by a modified arm called the hcctocotylus. The female 
will then use the sperm to fertilize the eggs as they are produced. Eggs are produced in 
masses with each mass containing around one hundred eggs. The egg masses are attached 
to the sh;illow bottom and left to develop without parental care. 

To expose the beak make a cut between the two ventral arms. As you do this you will 
expose the buccal bulb. Then carefully remove the attached membranes to expose the hard 
beak or mandible. What do you think the function of the beak is? 

The buccal bulb contains two pairs of salivary giands that open into the mouth cavity. One 
pair of salivary glands secretes salivary enzymes and mucus for digestion; the other pair 
produces venom that enters the prey through bites inflicted by the beak. The buccal bulb 
also contains a tongue-like radula. Remove a section of this and examine it under the 
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microscope. Describe what you see?. 



How does it functkm? 



In the space beiow draw a sketch ot ihe external view of your squid. Label as many parts 
i\ you cari. 
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Now examine the sketch of the internal organs of the squid and try to answer the 
following questions. ^ - ^ 

\ 

Locate the parts of the digestive s\ stem. Name each part in order 'beginning with the 
mouth and ^ivc th,e function ot each or^an. 

mouth 



Can you find the ink sac? What is the function of this structure? 



What is the pen? 



VOCABULARY 

Bivalves — a molKisk possessing a shell of two valves hinged together. 
Chromatophores — special pigment cells that are responsible for color changes of 

cephalopods. 
Ganglion — a mass of nerve cells. 

Hectocotylus — transformed arm that serves as a male copulatory organ in cephalopods. 
Jet propulsion — propulsion in one direction by a jet of water that is forced in the opposite 

direction. 
Lateral — toward the side. 

Mandibles— a strong, cutting mouthpart. ' ^ 

Pen— a feather-shaped plate just beneath the skin of the back or anterior wall of the squid. 
Spermatophores — sperm packets. 

Statocysts — balancing organs. ' 
Stimuli — anything that evokes a response from an organism. 
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CONCEPT G 

The echinoderms are a group of marine organisms that have radially symmetrical bodies. 
They are unique in their development and in their use of tube feet for obtaining food and 
for locomotion. 

C^hjectives 

Upo/i completion of this concept, the student should be able: 

a. To Im four members of the phylum Echinodermata. 

b. To describe the method of feeding used by sea stars. 

c. To explain the role of the madreporite in the water vascular system of the starfish 
and sea urchin. 

d. To discuss the method by which sea urchins protect themselves. 

e. To describe the sea urchin's role in the marine community. 

f. To explain the method of locomotion used by sand dollars. 

g. To list two methods used by sea cucumbers in protecting themselves. 

THE ECHINODERMS (PHYL^ ECHINODERMATA) 

Phylum Echinodermata is exclusively marine. It is divided into five classes: Asteroidea 
(starfish), Ophiuroidea (brittle stars), Echinoidea (sea urchins and sand dollars), Crinoidea 
(sea lilies, feather stars), Holothuroidea (sea cucumbers). Each memberof this phylum has 
five divisions to the body and is radially symmetrical. Most all have movable spines. Tube 
feet are present in all these organisms, but all of them do not have suction cups. 
Echinoderms are the only creatures in the world that have tube feet manipulated by a water 
vascular system. Interestingly enough, among the nearly 5000 species of echinoderms not 
one lives in fresh water or on land. 

TWe earliest echinoderms were the crlnoids, or sea lilies (Figure 1). These stalked forms 
wcro^<ittached to the floor of the oceans. Some 2100 fossil species of crinoids are known, in 
contrast to about 900 living species. These are not found in Mississippi or Alabama coastal 
waters and therefore will not be included in this discussion. We shall discuss organisms 
included in three of the four remaining classes: starfish (Asteroidea), sea urchins and sand 
dollars (Echinoidea), and sea cucumbers (Holothuroidea). 

The Sea Star 

The echinoderm most familiar to everyone, even to those who have never been to the 
seashore, is the starfish (Figure 2). It is more correctly called the s«;a star because it bears 
no resemblance to a real fish; however, the name "starfish" has gained wide usage and is 
hard to change. 

The sea star has a spiny skin. The spines are attached to loosely hinged calcareous 
plates. The flexibility of these plates can be compared to the flexibility of an expandable 
watch band. The common sea star, which is found in tidal pools at low tide, has a warty 
outer covering. Even though th^s^ star has a skeleton, the skeleton does not permit the 
freedom of movement that vertebrates enjoy. Since the sea star cannot move rapidly, this 
does not pose a problem. . 
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The sea star is one of the most greedy of predators on the ocean floor. They feed mainly 
on clams and oysters. When a sea star chooses to eat a clam or oyster it surrounds the two 
shells with its mouth oriented over the opening between the two shells, attaches its tube 
feet to the twj shells, and begins to pull (Figure 3). As the shells separate, the sea star turns 
the lower part of its stomach inside out and extends it through the mouth, enveloping the 
soft parts of the ^.h'jllHsh and digesting them. 




Figure 2. Sea Star (Starfish). 




Figure 3. Starfish Opening a Clam. 
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One of the most remarkable systems in echinoderms is the water vascular system. Run- 
ning lengthwise along the oral surface of each arm of the sea star is a groovy. Located in 
these grooves are four rows of tube feet which expand and contract. These tube feet are 
extensions of the radial canal which runs down the length of each arm. The radial cafials 
stem from, a rine canal in the center of the animal. Another canal, the stone canal, branches 
off the rin^ caiKil and ends at the aboral surface by means of disc-shaped sieve-plate called 
the madreporitc. The madreporite (sieve plate) is the opening through which water is 
drawn (Figure 4). It is used to fill the hydraulic system that allows the sea star to operate 
its suction cup feet and attach itself to the sea floor so it can move. The tube feet can be 
lengthened or contracted by changes of water pressure (Figure 5). 

The sea star is of no commercial value. Its contribution to the marine environment lies in 
the fact that its feeding habits involve cleaning up the ocean bottom and much of the dead 
organic material of tidal pools. 




Figure 5. Internal Structure of Sea Star. 
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The Sea Urchin 

Sea urchins seem very unlike sea stars; yet they have the same basic structure (Figure 
6 A). All echinoderms have mineral skeletal plates, but the skeleton of the sea urchin is 
most pronounced because it forms a stiff protection for the body. It also has a spiny 
covering '.vhicli gives the organism an untidy appearance. This covering of locked plates 
forms a rigid capsule called a test. When a sea urchin dies and the spines have fallen oft, the 
star design is easily seen in the remaining test. This star design is formed by the location of^ 
five double rows through which the tube feet protrude, 

The general shape of a sea urchin's body is globular and flattened on the ventral side. 
Since this animal does not appear to have any way of determining direction, it wanders 
rather aimlessly with its mouth pressed tightly to the ocean or tide pool floor. Like the sea 
star, it is equipped with a madreporite on the aboral surface (Figure 6B). Water is drawn in 
through this opening for the operation of the tube feet. The feet are more slender and , 
longer than those of the sea star. They are arranged into five double rows. 

The spines of the sea urchin are used for locomotion and protection from predators. 
These spines have the ability to turn about because each one is loosely attached to a single 
plate. If the test of a sea urchin was touched with a stick, the spines would all turn in the 
direction from which the urchin was touched. Along with tube feet, the spines also help to 
push the animal along the ocean floor. In thQ event that the animal is turned onto its back, 
it is able to upright itself by using the spines as small levers. 

In the center of the oral surface of the shell is an opening for the mouth. This structure 
is composed of five jaw pieces primarily designed for scraping algae or any dead animal 
material from the ocean floor (Figure 6C). The sea urchin uses its five teeth to chew its 




Figure 6, Sea Urchin. A, Entire organism, B, Aboral surface. C, Oral surface. 



food. The digestive tract is longer than that of the sea star because the urchins feed upon 
vegetation and animal waste that require a longer digestive time. The stomach cannot be 
turned inside out. The anus is functional and is located to one side of the madreporite 
(Figure 6B). Although other invertebrates have biting jaws, the urchins possess grinding or 
chewing organs. 

The sea urchin's greatest contribution to the marine community stems from its feeding 
habits, which involve cleaning up the dead material that settles to the bottom of tide pools. 

The Sand Dollar 

Sand dollars belong to the same class as sea urchins but, unlike sea urchins, they are 
flattened and covered with very short spines (Figure 7). The sand dollar is one of the least 
noticeable of the qchinoderms because it is not generally found in tide pool areas. It is 
more characteristically found beneath the surface of the sandy bottom of the ocean. 

The sand dollar has many more spines than either the sea star or sea urchin. This is 
generally not evident because dead sand dollars that are found on the beach have lost their 
spines. The spines are small and generally not noticed. 

The sand dollar has a different shape from the others in this phylum. The oral surface is 
very flat and the aboral surface is only slightly rounded. The mouth of this animal is 
located in the center of the oral surface. The sand dollar feeds on materials found on the 
bottom of the ocean. • 

The skeleton of the sand dollar is not flexible. Consequently, sand dollars move by using 
their spines and small tube feet on both surfaces of their body. The plates which make up 
the test of the sand dollar are fused as they are in the sea urchin. A close look at the sand 
dollar will easily show the five branches of the starred pattern which is common to the 
echinoderms (Figure 7). 



Figure 7. Sand Dollar. 




The Sea Ch cumber 

Because of its appearance, the sea cucumber does not seem to fit into the echinoderm 
group at all. However, the organism definitely has radial symmetry. Unlike other 
echinoderms, sea cucumbers have a leathery skin ^nd a slimy feel. Tube feet are found on 
their ventral surface. The dorsal surface has two rows of tube ket that are not as well 
developed. Breathing is accomplished by the upper tube feet and traveling is accomplished 
by movement of tube feet beneath the animal (Figure 8). 

The soft texture of the sea cucumber's body also sets this organism apart from the other 
members of this phylum. The skeleton of other echinoderms is hard while that of the sea 
cucumber is itrernal and made of small scattered bones called ossicles. It is this adaptation 
that allows the sea cucumber to bend, contract, and stretch out. 
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When feeding, the cucumber uses from ten to thirty tentacles located at one end of its 
body. The tentacles are extended and used to trap plankton. They are then placed into the 
mouth, cleaned, and pushed back out to catch more food. When the animal is startled, all 
the tentacles can be pulled into the body for protection. Another interesting phenomenon 
can occur when the sea cucumber is startled, annoyed, or attacked. The cucumber can eject 
its internal organs to tiistraci the attacker. This organism is capable of replacing lost organs 
by regeneration. 

Most sea cucumbers earn their keep in the world by removing decaying organisms or 
small, living organisms from the tiny spaces between mud and sand particles. 




aboral surface oral surface 



Figure 8. Sea Cucumber. 

VOCABULARY 

Aboral — refers to the side of the animal which is opposite the mouth. 
Adaptation — the process by which a species becomes better suited to survive in an envi- 
ronment. 

Calcareous — consisting of calcium carbonate. 

Madrepo-!te — the sieve plate on the aboral surface of an echinoderm. Water passes 

throug;. this opening to operate the water vascular system. 
Oral — pertaining to the same side as the mouth. 
Ossicle — a little bone or bone-like part. 

Plankton — small plants and animals floating in the upper layers of the water column. 
Predator — an animal that preys upon another organism. 

Radial symmetry — a body plan in which a cut lengthwise through the middle in any 

direction produces two identical halves. 
Spine — a stiff sharp-pointed process found on the surface of an organism. 
Tentacle — a long appendage, or "feeler", of certain invertebrates. 
Test — the external shell or hard covering of many invertebrates. 

Tidal pool — a pool of sea water temporarily isolated in the intertidal region as a result of 
the tide going out. 

Tube feet — the feet of the sea star and sea urchin. Water passes through these hollow 
cylinders to operate the water vascular system. 
Ventral — the underside of an organism. 
Vertebrates — animals with backbones. 
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CONCEPT H 

Barnacles, a group of strictly marine crustaceans, are important as fouling organisms. 

Objectives 

Upon completion of this concept, the student should be able: 

a. To give the common name for two kinds of barnacles. 

b. To explain why barnacles are economically important. 

c. To discuss adaptations made by barnacles in order to live in certain areas. 

d. To discuss the reproductive process used by barnacles. 

THE BARNACLES (PHYLUM ARTHROPODA, CLASS CRUSTACEA) 

The barnacle is one of the most obvious and most numerous animals found along the 
shores of Mississippi and Alabama. It encrusts intertidal and subtidal pilings, breakwaters, 
rocks and boulders, living and dead shells, and even animals such as horseshoe crabs. 

Barnacles are sometimes thought of as mollusks because their bodies are entirely en- 
closed within a series of plates made of calcium carbonate. However, the structure of 
barnacles during their development, together with the possession of paired, jointed 
appendages, indicates that these organisms are true arthropods belonging to the class 
Crustacea, 

The cirrus-like or feathery feet of some better-known barnacles are the basis for the 
subclass designation, Cirripedia (Figure 1 A), There are several readily distinguishable 
groups of true barnacles. These include: the stalked forms, to which belong the goose- 
\necked barnacles (Figure IB); the common rock barnacles often called acorn barnacles 
(Figure 2); a group which is smaller and asymmetrica) when compared with the acorn 
barnacles; and three groups of barnacles whose plates are compos'-d of chitin. (These three 
groups are parasites of different invertebrate hosts,) 




Figure 1. Goose-Necked Barnacles. A, Internal anatomy of the barnacle. 
B, External view of the barnacle. 
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Louis Agassiz, a famous naturalist, described acorn barnacles as "nothing more than a 
shrimp-like animal standing on its head in a limestone house and kicking food into its 
mouth". In becoming permanently attached to a solid surface by its head, the acorn barna- 
cle has lost both the eyes and antennae found in more typical crustaceans. During feeding, 
the six pairs of appendages act as a unit; the protective valves separate, the feathery legs are 
thrust out, swept through the water and drawn back inside the valve, immediately carrying 
the trapped plankton inside the body. This action is repeated every few seconds. 

Barnacles are hermaphrodites; that is, each barnacle has both male and female repro- 
ductive organs (Figure 1 A), Even though this is true, cross-fertilization rather than self-fer- 
tilization, usually occurs. Fertilization takes place when the slender contractile sperm tube 
of one barnacle is thrust through the shell valves into a neighboring barnacle. Within the 
parent, the fertilized eggs develop into larvae and after hatching become free-living mem- 
bers of the zooplankton for a few weeks. Here they develop into the larval stage that 
eventually attaches to a suitable hard surface. The larva uses a sticky cement to attach itself. 
Soon after this process occurs, a calcium carbonate skeleton is started at the base and sides 
of the organism. 

Sov)C kinds of barnacles always live in the littoral zone below the low-tide line; others 
are found at greater depths; still others live only intertidally and are able to tolerate tempo- 
rary exposure at low tide. Acorn barnacles withstand exposure when the tide is out by 
means of the wall of calcium carbonate plates which enclose the base ano^body. Also, the 
pair of valves at the top of the barnacles's body can be virtually sealed whch necessary 
(Figure 2A). Acorn barnacles have a variety of enemies, particularly various kinds of snails. 
Sea stars (starfish) also feed on barnacles when other, more attractive food cannot be ob- 
tained. In their planktonic larval stages, barnacles are eaten by larger zooplankton and by 
different kinds of fish. 

M 

Figure 2. Acorn (Rock) Barnacles. A, Dorsal surface of barnacle showing valves. 
B. Lateral view. 

The number of individual barnacles in a given area can be enormous. This kind of super- 
crowding tends to cause smothering, and together with the competition sometimes offered 
by other organisms causes considerable death of barnacles. The barnacles higher up on the 
shore grow slowly and live about five years while the faster growers farther dowr may die 
after three years. In any intertidal area the smallest barnacles are invariably the youngest. 

Barnacles, as fouling organisms, make a costly nuisance of themselves on ship bottoms, 
pilings, and various marine hardware. Before the development of anti-fouling paints, ships 
had been found to carry as much as 300 ton:, of these fouling organisms. Barnacle accumu- 
lations on hulls reduce the ship's speed considerably, increase fuel consumption, and cause 
frequent and costly docking. It has beer, estimated that the annual cost of barnacle fouling 
to the shipping industry in this country amounts to more than $100 million. 




VOCABULARY 

Appendage — an outgrowth of the bpdy of an animal. 

Chitin— a carbohydrate material in the exoskeleton of arthropods. 

Cirrus— a type of appendage which is used for scooping plankton from the water. 

Fertilization — the union of a sperm with an egg. 

Fouling — the process of physically defacing an object. 

Hermaphrodite — an organism which has both male and female reproductive systems. 
Intertidal — in the marine environment, the area of the shore that is periodically covered 

and uncovered by water. 
Littoral — an area extending from shoreline to the edge of the continental shelf or to the 
. 200 meter depth line. 

Low-tide line— tSe lowest level of a shoreline to be exposed during low tide. 
Subtidal — the arvd of the beach that lies below the tide line. 

Zooplankton— microscopic or nearly microscopic free-floating aquatic animals that feed 
on other forms of plankton. 

( 

Activity: Anatomy and Feeding Behavior of Barnacles ^ 

Objectives i 

To investigate shell composition of an acorn barnacle. 

To become familiar with the internal anatomy of an acorn barnacle. 

To investigate the behavior of a barnacle when exposed to various stimuli. 

To observe the feeding behavior of an acorn barnacle. 

I 

Materials 

acorn barnacles (living and preserved), medicine droppers, pliers, probes, iweezers, dis- 
sectioti pans, crushed barnacles, vinegar (weak acetic acid), hand lenses or dissecting 
scopes 

Procedure 

I. Anatomy of a Barnacle 

Examine .i preserved ac rn barnacle. The opening at the top of the shell is closed by 
movable plates. How many of these plates are present on your specimen? 

When the plains are "closed" the barnacle is protected both from 

its enemies and from drying out when exposed to the air. Now examine the plates that 

make up the barnacle's shell. How many of these plates are present? . — ^ — Of what 

material do you think these plates are composed? (Hint: Think about possible chemical 

compounds.) — _ [ 

Reaction with acetic or hydrochloric acid is a common test for the substance which makes 
up these plates. Place a few drops of acetic acid on one of the plates. Record your observa- 
tions.^ ■ 
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Barnacles are not the only marine organisms that use this chemical compound in their 
shells. 

Remove the barnacle from its shell in order to study its internal anatomy (Figure 1). A 
pair of pliers will be useful in cracking the shell. Be careful not to crush the barnacle. A 
probe and tweezers will aid in removal of the animal. In what position was the barnacle 

oriented while in its shell? . 

Kxamine the spines on the cirri (Figure I). How are these useful in collecting food? 

Locate the mouth and then identify the digestive tract. You may be able to find some eggs 
attached to the body of the barnacle. Body fluids flow inside the animal by ordinarj' 
muscular movements. 

11. Feeding Behavior of a Barnacle 

If living barnacles are available, you can easily observe their feeding behavior and their 
responses to other types of stimuli. Test the feeding barnacle for response to a stimulus by 
causing a shadow to fall across the animal or by touching the cirri. Record your observa- 
tions - — — 



Ciush a few barnacles and very carefully deposit a few drops of the resulting fluid near a 
feeding barnacle. How does this affect the action of the cirri? 



Extending Your Thoughts 

Do you think that the temperature of the water has any effect on the feeding behavior of 
barnacles? (To answer this question, design an experiment that uses water at various tem- 
peratures.) 

VOCABULARY 

Cirrus — a type of appendage which is used for scooping plankton trom the water. 




Figure K Acorn Barnacle (Balanus). Cross section through the barnacle, illustrating vari- 
ous internal organs. 
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CONCEPT I 



The biue crab is economically important as a source of food. Hermit crabs, thouj;h not 
valued as highly, arc interesting to observe in nature. 

Objecttves 

Upon completion ot this concept, the student should be able:^ 

a. To list three to five external characteristics of the blue crab. 

b. To explain the method of growth that occurs in blue crabs. 

c To list some of the natural enemies of the blue crab, other than man. 

d. To summarize the reproductive process in blue crabs. 

e. To explain the consequences of growth in hermit crabs. 

K To discuss tha^ationship that exists between a hermit crab and a sea anemone 
attached toirie crab's shell. 

THE CRABS (PHYLUM ARTHROPODA, CLASS CRUSTACEA) 

Blue Crab 

One of the most handsome and most delicious animals to grace the bottoms of the 
shores, estuaries, and bays in Mississippi and Alabama is the colorful blue crab, Callmectes 
sapicius, (Figure 1 A). (The generic name, Callmectes, is a combination of two Latin words 
meaning "beautiful swimmer".) It is an arthropod which, together with the other edible 
crabs, shrimps, and lobsters, belongs to the most highly developed order of Class Crus- 
tacea. 

At first glance, a blue crab seems to bear little resemblance to a lobster or a shrimp. 
When the flattened abdomen that is normally turned under the body is extended; however, 
common characteristics that demonstrate a relatively close relationship are revealed. 
Among these are the hardshell covering of each of the segments. This hard covering Is 
important since it forms a jointed protective exoskeleton. Thin, soft areas between the 
segments allow the organism to move about. The crab's stalked compound eyes are con- 
trolled separately and can be laid back into sockets in the shell at the front of the head 
when injury threatens. Passing a shadow across the eye is sufficient stimulus to trigger this 
protective reaction. The eyes probably form cnly a very crude image but are exceptionally 
good in determining both the movement and location of an object. 

The crab's appendages perform a number of functions, including biting, fighting, grasp- 
ing, walking, etc j The first three pairs of appendages located on the thorax are modified as 
maxillipeds. There are five pairs of walking legs located posterior to the maxillipeds. The 
specialized first pair of legs, the chelipeds, has a terminal segment, a claw. This enables the 
crab to thrust the leg outward and clamp down on any object that threatens the crab. The 
fifth pair of legs, which consists of scgriients that arc broad and flattened like paddles, is 
used as oars. Thi's pair of swimming legs enables the blue crab to move rapidly through the 
water. Leg modification for s^ dimming is an interesting adaptation since close relatives of 
the blue crab have to get abou as best they can by running. With so many appendages to 
work with, the crab has availa )le almost any tool it needs, 
t 
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The blue crab and its relatives can throw oft their legs and grow new ones. This un- 
doubtedly provides a good method of escape from enemies. Extreirie contraction of mus- 
cles in the second joint allows removal of a particular leg. The nearlv colorless blood 
coagulat^'S quicklv and the wound closes rapidly. A new leg begins to grow at ence from a 
bud beneath the star. After a few molls it closely resembles the original leg. 

A crab grows bv shedding its old, hardened exoskeleton and forming a new, larger one. 
This process is called molting. During molting, the posterior part of the body protrudes 
through a gap made by cracks in each side 'he shell. It takes about 15 minutes for the 
crab to free itself of the old shell. After shedding 'he new skeleton is soft and phable. The 
soft skeleton is stretched to accommodate the incrrMsed size. Usually the crab will take m 
water or air durmg this period to expand its body. In about 48 hours the new exoskeleton 
hardens. Often the crab will contribute to the hardening process by eating its own shell 
and in this wav gain calcium carbonate needed to harden the new s- \t the time ot 
molting, the blue crab is virtually defenseless and cannot eat. Molting .urs every few 
weeks while the crab is young; later, shedding may take place no more than once a year. 

The sexes in blue crabs are separate. One can easily distinguish male from female since 
the larger male crab, commonly about 17 cm wide, has a sharply pointed abdomen, while 
the female's abdomen is well rounded. The mating season for blue crabs in the Mississippi 
Sound extends from ^''irch through November. The'female mates only once — while she is 
in the soft shell stage ?t the time of her final molt. Prior to the final molt, the male crab 
carries the female crab beneath him until she has shed. During the mating .ici.jviiy, the 
female crab stores the sperm that is released by the male. Aftc: mating, the male continiies 
to protect the female until her shell has hardened. The female now begins J migratmn tb 
waters of high salifiity carrying her fertilized eggs as an egg mass cemented (o hairs that 
project from her swimmercts. This egg mass may contain from 50,000 to 2,000,000 eggs. 
In this ondition a crab is said to be "in sponge". The eggs hatch directly into high salinity 
waters. The larval stages are all spent floating about as members of the pelagic zoo- 
plankton. Only a very few of the tens of thousands of larvae originally released by a single 
female ever grow lo maturit; 

Blue crabs feed on a great variety of living plants and animals. However, their main food 
seems to be dead animals. Cnbs can strike with their large specialized first pair of walking 
legs, chelipeds, bv suddenly thrusting them outward, and closing down hard with the 
pointed tips of their viselike claws. T4ie painful bite seldom does more than draw blood. It 
can be avoided if the crab is grasped between the bases of the swimming legs by thumb and 
forefinger. 

Blue crabs have several enemies :n addition to man. They arc hunted along the shores and 
in shallow water by gulls and h-rons. In deeper waters they fall victim to octopuses and to 
fish with te^^h sharp enough to crush them. The blue crab, like other crabs, retreats to 
deeper offshore waters during the winter nftonths. ' . 

Commercikl landings of blue crabs in Miss^sippi were recorded for the year 1887 as 
38,000 pounds. Mississippi landings have averaged over 1,700,000 pounds a year from 1964 
to 1974, but witli larg-^^ year-to-year fluctuations. The*e fluctuations reflect economic con- 
ditions of the market as v/r\^ as variations in abundance due to etivironmental factors such 
as temperature, salinity, pvK* alence of disease and predation. V 
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Herrnit Crab ' * ^ ' 

The hermit crab is abundant along the water 's edge, living on pebbly, sandy and muddy 
bottoms, in tide pools, behind sand bars, and in other shallow relatively unexposed areas 
(HgurelB). • ' 

The outstanding visible feature q{ the hermit crab is its shell. The shell is not part of the 
crab's body but belonged to a snail that had died before the crab found it. The shell 
protects the soft rear end (abdomen) of the hermit crab (Figure IC). In'taking a shell, the 
crab first explores ii thoroughly inside and out with claws and feet, probably to make sure 
it is not occupied. After this exploration, it makes'the change from us current shell to the 
new one. . 

Hermit crabs use the emptj^jh^ls of snails and whelks. Apparently it is not the type of 
shell that is important to the crab, buTmore its size and availability. As the crab grows, the 
shell must be discarded for a larger one. If the new shell becomes unsuitable, the crab 
immediately will change back to its old home and take up the search for new housing once 
mi)re. 

Because the ijody of the hermit crab is a spiral that fits the central spiral column of the 
shell, it is very difficult to remove the animal from the shell by just pulling it. In addition, 
the last pair of appendages on the abdomen is modf^^ -*d in the form of a clamp, thus adding 
to the'crab's ability to maintain its position in the shell. 

As in other crabs, the eggs of the hermit crab are fertilized before they leave the body of 
^he female! As the eggs are expelled by the female they are attached to small appendages of 
the tail by a st'ici' -material that she produces. However, because of the spiral curve of her 
body they are ci d on the left side of the abdomen rather than in the center as in other 
kinds o{ crabs. The eggs of hermit crabs are often brilliantly colored in various shades of 
orange or dark purple. 

Male hermit crabs are fond of fighting for the favor of the moic desirable feijjale hei init 
crabs. After beating down the ^position, a male will probably drag the shell of a female 
until she is ready to shed. After .i;is happen.s he immediately deposits his sperm inside her 
shell an\i onto her abdomen. This insures fertilization of the^-'gg^ as they emerge, 

geologists have observed that shells occupied *by hermit crabs are often unusually suit- 
able places for the settling of a variety of other organisms. In one case there is a species of 
hermit crab that is always found with a sea anemone attached to its shell. The anemone has 
a broad base which is wrapped around the shell. Its mouth, surrounded by tentacles, is on 
the underside next to the shell opening. Presumably the anemone gives protection to the 
hermit crab and, in return, shares in gathering up the Bits and pieces from the hermit crab's 
meals. When the hermit crab moves to a new shell it removes the, anemone from the old 
shell with its claws and.places it on the new shell. ' 

In another example, the smooth rounded yellow lumps of a particular species of sponge 
dredged from a few fathoms of water may have a r^und opening in which the claws of ,a 
small hermit crab can be seen. When the sponge is cut open the^ody'ofthe hermit crab 
may be found resting :n a spj^raF cavity at whose apex is -the remairls of the -shell. The^ 
sponge settled on the shell and^ventually dissolved the shell.. 

Hermit crabs often have colouies of small hydroids, particularly those of the genus Hy- 
dractinia attached to the shells they carry, givin^g the shells a sort of velvety appearance 
when the hydroid individuals are e^^panded. Thtse species pf hydroids may also be found 



attached to rocks and to sea weeds. O. ^.r organisms that may settle on herrnit 'crab shells 
are barnacles, flattlrned limpet types of mollusks, and algae. In these cases, no special types 
of relationships have been obsened between these occasional settlers and the hermit crabs. 

As nught be imagined, zoologists interested in investigating animal behavior have paid 
considerable attention lo the biology and activiiies-ot- hermit crabs. A relatively large 
amount of literature is^'teetnp accumulated in research libraries of the world concerning 
-these active-and apparently always busy little animals. Many Italians havqTgiven such inves- 
tigations a more personal and practical touch by cooking the crabs in oil. When done they 
are served ",n the shell and taken out with a pin or a toothpick to be eaten. 



j VOCABULARY 

Appendage — an outgrowth of ^he body of an animal. 
Cheliped — a claw-foot used in. food-getting a.Hl for protection. 

Compound eye — an eye composed of numerous lenses and ccntaming separate nerve end- 

i^xoskeieton — the hard outer covering or skeleton of certain animals. 
Fertilization — the union of an egg with a sperm. 
Larva — an immature stage in the life of an animal. 

Maxilliped — a crustacean thoracic appendage typically used for holding food. 
Molting — process of shedding the exoskeleton in arthropods. 

Pelagic zooplankton — tiny animals floating in the upper water column of the ocean. 
Posterior — the hind end of an organism. 

Salinity — a measure of the total amount of dissolved salts in seawater. 
Swjmmerets — appendages on 'the abdomen of a crustacean. 

Activity: Hermit Crab Behavior 

Ohjectivc 

To become fan^iiliar with ihe habit> »)f one of the more common marine crustaceans, tlie 
hermit crab. 

Along^ith crayfish, crabs, lobsters and shrimp, hermit crabs are members of class 
Crustacea in phylum Arthropoda. The ordinary hermit crabs are very common on every 
coast. Two of the very ccmmon hermit crabs found along the Gulf Coast are Pagurns 
pollicaris Sind Clihanarius vittatus. These organisms have well-developed, soft, and some- 
what coiied abdor.iens that are ms^ted into empty mollu?k shells. Tfiey carry these shells 
around on their backs so that they can retreat into them for protection when attacked. 
Appendages found on thejeft side of /he si?ith abdominal segment of the hermit crab are 
adapted for holding otito the columella or central support of the. shell. 

Since hermit erabs are very activt; organisms most people take an interest in them. These 
organisms can be found in the area between the high and low tide lines along the beach. 
You may capture these marine inhabitants with a dip net or simply by picking them up 
with your hand. 



Part I: Mjkifi^ u licrrmt Cr.th 
MAteruls (por group ot rcur students) 

coriLiiruT. hcrniii ^r-uos, cmptv shells, scm water, paper towels 

*r»> observe the hLT-int er.ib successtulK' you will !>eed ti^'m.ikc a hermit crab pan. (.)btain 
.1 t]at, ruNtproot Lt>nkiiner which will hold clean sea water up to a depth ot one to three 
inches. (GlaNS, porcelain, or plastic containers seem to work best.) Once you establish a 
water, level, mark the level with a grease pencil. As water evaporates, refill the pan to the 
original level bv adding tresh t«^p water. When evaporation \-> rapid it is diffic* \ to control 
th*. salinity; therefore, empty the container each week and start again with fresh sea water. 

You may find that the hermit crab will try to get out ot the contamer. \\ may be neces- 
sar\- t« -r vou to devise a "tence'" to keep ii in the pan. Also, if the hermit crab i/r young you 
niav lU d to find additional larger shells. 

The animal can be ted using bits of trozen shrimp and fish iood. This m.iterial should 
not be left in ihc water tor a long period of time since it will pollute the water. Remember 
that hermit crabs are scavengers; consequently, they will eat a wide variety of materials. 

Part //. Behavior of the Hermit Crab 
Materials (per group of four students) 

hermit crab pan, sea wa.cr, paper towels, hand lenses, empty shells of all sizes 
Objective 

To devise experiments which will provide information about the behavior of hermit 
crabs. 
Proceciii re 

In vour group of four students devise experiments which will provide answers to the 
following questions. 



1. How do hermit crabs movc?_ 



2. How do they use their legs in walking? 



3. Do vou think hermit crabs move; fast or slow; 
What \^ AS tile basis for your response? 



Conduct an experiment to determine' if hermit crabs wmIk dit*erently on different surfaces. 
4. What kind of surfaces did vou trvr 



5. What did vou find out?_ 



6. What happ^^ns to the hermit crab on the edg'' of your desk? (Be careful md dorTt let 
it fall) 



7. What does vour hermit erab seem to like to cat?> 



8. What IS the most interesting behavior that you have observed about your hermit 

r r ab ? . ^ ■ 



9. Do all pi the hermu crabs in the roo. i seem to be of the samo species?. 
Explain = 



PuuIII: House Hunting 

Materials (per ,;n oi four students) 

hermit crab pan, sea water, extra shells, cic^a'-ette lighter, large fla. sponge, 2 hermit 
crabs 

( )b]vaivc 

I'o observe the hermit crab as it selects a shell and establishes a new home. 
Procedure 

Select one of the hermit crabs that has established itself inside a shell and place it or 
wet sportge. Allow the crab to beci'.rre accustomed to the new conditions. Strike the lighter 
and heat the SPIRE of the shell ccr.taining the crab. The heat will cause the crab u leave 
the shelL The wet surface of the sponge will also lure the organism out of the old shell. Do 
not move the shell or the crab will not come out, even if you burn him. 

Remove the other hermit crab from its shell by using the same technique. Once both 
crabs are freed from tbcir oK shells; place them in the hermit crab pan. Place one shell in 
the pan and observe the beha\ lor of the crabs as they both compete for the same shell. 
Note their b»"ha^Mor as »!icv measure the shell for a possible home. 

Can yf>u prtdic: wh-ch cral) m{\ secure this particular shell for a home? 

Wen >c . correct? — ^ 

Uocs the loser seem . .liibit submissive behavior? 

Explain 

X Now provide another shell of adequate size. Does the other crab seem interested? 
• ^ : Discuss the observed behavior. 



Parf !V: . Anatomy oj the Hermit Crab 
Materials 'per team oi four students) 

hermit crab, hermit crab par. sc • iter, papt. : ^ ponge 

Objectives 

To identify the major parts of the hermit crab. 

To compare the major parts of the he mit crab ^/itl, those of other common crustaceans. 
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While vou are v. aiting tor the hermit irabs to select a new home, make appropriate 
anatomical observations to respond ' o the foli -wing questions. 

1. What are the major body parts of the hermit crab? ^ — 

2. Are these the same as for other crustaceans?— 

3. What parts of the crab are visible when the crib \^ vv alking a:v;urrJ in the shell? 

'\. What parts are always covered when the crab is walking aroi>i;t: ir. the ;hell? 

• : 

5. On the following drawing label these parts: walking legs, abdomen, carapace, 
pleopods, telson, evestalk, antenna, cephalothorax, antennule, ana ^ hehpeds. 




6. How are the pleopods used by hermit crab^ ?^ 



7. How does the hermit crab use thejuo lific d walkliig legs? — ^ 

8. How does thi- organism compare with other common crustaceans? 

9. What kind of shells was preferred by the hermit crabs thai you used in these les- 
sons? — > 



VOCABULARY 



Appendage — an outgrowth ot the body of an animal. 

Coiumella — in gastropod shells, the ceniral axis of the shell arou d ^ hich the whorls are 
spiraied. 

High tide line — ihc uppermost icvel on a shoreline to be reached by the highest tides. 
Low tide line — ihc lowermost level on a shoreline that is reached by the lowest tide. 
Pleopod — an abdominal anutndage on a crustacean, which ma\ be used for swimming, 

respiration, or holding '\;gs. 
Salinity — a measure of die total amount of dissolved salts in seawaier. 
Scavenger— ran animal which feeds on the dead remains ot other animais and plants. 
Spire — the part of the gastropod shell preceding the body whorl. 



Activity: Marine Organisms and Osmotic Tolerance 

Objectives 

To determine if salt concentration has an effect on the quantity of water that an organ- 
ism contains. 

To determine if various species of an organism will respond in the same manner to a 
change in a physical factor such as salt concentration. 

Many marine animals have a high tolerance for salinity changes. This is called 
osmoregulation. The organism must have an adaptation that will allow for ihe.^e 
external environmental :hanges. On the other hand, there are some organisms that have 
very little ability to adjust to a change in an environmental factor such as salinity. Organ- 
ism that can be found in the estuartne environment pronably belong to which of these 

two groups? How could you design an investigation to test your pr .'diction? 

One simple method of determining the osmoregulatory abiiiiits is to compaie 7/; ^hi 
changes in some organisms over a period of 24 hours. If an organism can maintain its 
weight ^^hen placed in different salt conceniraiioris, the organism must have a fairly well- 
developed osmoregulatory mechanism. Conversely, a irem»^ndvius v/eig! han^'^e indie ites 
that the organism i'i no: able to tolerate much of ^ salinity d'^f rence. 

Mat rials (per team of four students) 
f-resh, hvr < \ ibs 
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prott'durc 



Using Instant Ocean or tuhcr synthetic sea salts, prepare solutions of the iollowing 
Cimcentratiuns: 5 parts per thousand (ppt), IC ppt, 13 ppt. 23 ppt, 35 ppt, 43 ppt, 3C ppi. 
hach oi these solutions can be prepared by dissolving the given number of parts of sea saliN 
.in ICCC ml o\ distilled t)r dcchl<*: inaied water. The number ot d.itterent solution ^.oncenua 
lions can be m creased or decreaset^ as desired depending upon the number of crabs a\aii- 
ible for the investigation. 

Place a selected organism in each ot :he containers filled with one of the salt concentra- 
tions. At hourly intervals durin?:; the Jay take the crab out, dry it with paper towels, and 
weigh it. Try to keep all other physical faciors constant during the period of investigation. 

l.isi some ot these physical faciors. 

Why should they not be allowed to change? 

t)n the follow mg daia tabl^e youi group should keep an accurate record (»t ;he results irom 

one of the silt con*, jntr? ; ions. Date , common name of crab used 

, salt concentration used , beginning weight of crab 

Weigh your crab at hourly intervals and record the data in the "mass" column of the table 
provic^ \ on the next pag*:. The column labeled refers to the percent change in mass 
trom \y. . weighing to another. Your teacher w:!! Nhow you a method of calculating these 
values using the data that you collect. 

Weight at the end the investigation ^ 

Was there a gain? ^ How much? 

Was there a loss? How much? 

How can you explain these results? 



I :st the various species of crabs used in your experiment _ 

Did ' of the respond in the same manner? 

l^xpbm . . „. 



Hov/ i\o VOL. mink the crab maintains it*- ^^«smo. balance? 
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5 ppt ICppt J^ppt ^ ^ppt 35 ppt 45 ppc ; 50 p p^ 
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VOCABULARY 

Adaptation — the process by whieh a species becomes bene suited U) survive in an envi- 
ronment. 

Estuarine environment — situation in which the surrounding> of an organism consists ot 

water that is less saline thin that in the open ocean. 
Osmoregulation — the process by v^ hich the osmotic activity of a liv ni: cell is increased or 

decreased by the organism in order to maintain the most favorable onditions for the 

viul proces.ses of the cell and the orj^anism. 
Salinity — the tr.tal amount of dissolved salts present in a ^iven amount of substanct:. 
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Prepare i graph (^f your hourly data in the ^pa 




Hours ObsefN-ed 



Collect the data from all other j^roups and prepare a t»r.iph tor the 
entire investigation. Use different colored pencils (or each the 
different salt concentrations. 




Hour-: Observed 



9^ 



ActiMiy: A Study of a 1-reshwater Crustacean 

Ti) compare the bcha%: )r ot a trc^hv. atcr organism with that of a siniila. marine orga- 
nxsm. 

\\ h.r v.in \\ c Hnd out abou^ inc central responses ot ihe cravris' a verv common crus- 
tacean, to various stimuli? >X l.at behaviors can u e detect when it is compared to the other 
animaN ve have studied? 

.Ujfer.M. N 

I hvm^; cTavhsh, 1 lar^e cuhure bow 1, 1 limestone rock. Kc-et broth, a dissecting kit, 
chemicals or Nc-uuon^ (India mk, salt crystal >> su^ar solution, vinegar solution), paper 
tnvels 

'ruLi'duri' and Data Sht\'t for Ohscr, atuifh <>/ tht l.r lu^ Crayfish 

l ill vour culture bowl almost full of water, i^lace a rock ir, the t vl and i^en transfer a 
living; crayfish to Jiis new environment. Record observations about the ci^yrish*s behavior 
in Its new environment 



Now i:se y.iur dissectmg needle to determine the crayfish's rc ponse to touch. What part 
ot the crayhsb's body is most sensiti\e to touch? 

List the locations that you investigated and the reaction at each location. 



What did you find ir. regard to the crayfish's ability to respond to touch? 



I se the pinhole tlashli^;ht to determine how the cravfish may react to light. What did 
\(ni observe in regar j to the way the crayfish responded to your experiments? 



is this what you expe».ted 
Xt'hy? 



What do you think the crayfish eats? , 

- Use a dropper to place a few drons of meat 

juice close to the head of the animal. How does the crayfish respond? 
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Figure 1. A Cra\ nsh. 

Use a tc w crystals of salt, a tew drops ol acetic acid, and some sugar solutK^n to deter- 
mine the reaction of the cravfish to these chemicals, Wh : did you observe in each in- 
stance? ^ 



Did you need to change the w.nter Tor ca^*h of these experiments? 
. Why? 



After cleaning your culture bowl once more, olace )ust enough water in the bowl to 
cover the crayfish. Add one drop of dilute India ink just posterior to the cephalothorax 

(Figure 1). 
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Record your obser/aiions. 



>X'hy JiJ this happen?- 



Take the crayfish uui ut iFu bowl and place ii up>idc down on ^cme dan.p paper tow els. 

Xi'hai happens? 

NJi'hai do vou think is responsible for this behavior? 



List >ome of the advancements in structures that might be responsible for many of the 
behaviors that vou have obser\ ed todav 



I > d vou have a male or female? How did you know? 



liow does the behavior of the crayfish compare to that of the hermit crab? 



Did you ncrtice anv special anatomical adaptation in this freshv;ite.' ;;anism that has not 
been as evident in the n. /^ine organisms that we liave studied? 



VOCABULARY 

Adaptation i process by which a species becomes better suited to survive i?i an envi- 
ronment. 

Cephalothorax — the combined head and thorax of som': animals, such as crabs and 
crayfish. 

Crustacean — a class of the arthropods; these organisms consist of common marine ani- 
mals, including shrimp, crabs, barnacles, etc. 
Posterior — situated behind or in the rear. 
Stimuli — something that sti. s to actiou or effort. 
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CONCEPT J 

Since shrimp are a viluibic commercial Catch. research is constantlv underu^ay to 
".lonitor D' p'jlation size and movements ot these organisms. 

Upon coiTipietion ^)! ihis cx>ncepi. tlu' student ^h^>u:d be ^blc 

a. To discuss, in a gent'ral iashion, the reproductive process in shrimp. 

b. To label a drawing of :he external anatomy of a penaeid <^hrimp when presented with 
appropriate labeis. 

e. To explain the elfeci ihu inappropriate water temperat e: c and increasing salinity 
would have on the shrimp population in the Mississjpp: Sound. 




^wimipcrcis » 

F'igurc 1. Aduli Fenaeid SSrimp. 

THE PtNAFJD SHRIMP (PHYLUM ARTHROPODA. CLASS CRUSTACEA) 

Although many species of shrimp inh.^bii i x shallows of the coast and deeper waters of 
the C}uif: fc'A species grow large enough to be uiili/ed for food. Most oi those that attain 
edible s./e are members of the family Penaeidai. , which includes brown shnmp (Penaeus 
a/U'LiiS), ^ hite shrimp ^PcyuwiiS ^cturyus), and pink shrimp Penaeus duoruruni}. These 
three species Lv>mpo>e m*'st of the ctMnnu :ial c^t;.h of 'he South Atlantic and Gulf shrimp 
tisherv. 

Shr.mp arc cru^iactMn* (trom the I aim "^. rusta" o\ hard shell). Like other crustaceans, in 
cider to grt)w this nal ncrif^Vicahv hca. its exoskck^on when i{ becomes too small for 
i' » expanding bodv. A new soft she!! tii... h.i^ devtl'^ped urvder the oid one expands and 
nardens uS sour; as the old she!) is gont 

l ike oiner anim.u>, shrimp ha^ e cer^ rn idenlifymg m irks. C^olor varies with »he kind of 
bifUnm the ^h^isnp inhabits am: is not a dependable means of identification. However, 
th'Mt* are some external differences between brov^n, pink, and whit" *;hrim^». 

The external structure of an adult penaeid -hrinip is shown in Figure i. It includes the 
head spine /^rosirom), walking le^i* (pcreiopods), feeler^, (aniennaej, swim.mereis 
(picopods), tail fan (uropods), and tail (abdomen). The internal organs are primarily 
located in the head section (eephrdurhorax). 
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l\*nacnJ shrimp have a coniplcx htc c\'c!l*. h'or most o\ their carlv Hte ihcy .ire almost ioo 
tiny to be ^een with the naked eye. The younL; underi;o complicated transiormations, and 
their survival depends !ari;el\ upon remarkable mli^rations. 

Spawning takes place in oftshore waters, mostly in the spring and summer though some 
spawning probably occurs all year. Of the three species, the white shrimp spawns closest 
to shore, the brown shrimp tarthest from shore, and the pink shrimp at intermediate dis- 
tances. The eggs are laid through openings at the base of the third leg. Thev are deposited 
directly into the water, where they are fertilized by sperm from tiny sacs (spcr- 
matophorcs) previously deposited by the male In an external female structure called a 
thecylum. A single feniale penacid shrmip may lay between SCO, COO and 1 million eggs in a 
single spawning. Penaeid shrimp release their eggs di recti v into the ocean. This is in con- 
trast to the method used by other crustaceans. For example, after spav.*nmg, crabs, 
crayhsh, and river shrinrip carry their eggs attached under the abdomen until the eggs hatch 
at a later stage of development. 

The shrimp eggs hatch into tiny, very primitive larvae in about 24 hours. After hatch- 
ing, they begin to develop through many larval stages during which they are barelv visible 
to the naked eye (T'lgure 2). 




a Penaeid Shrimp. 



Pc.ik spawning; pcriinis appear to be associaicci wirh rising; water tcnipcraiurc occurniv^ 
in the spririi;, but other inctors are involved. It is kno\\ n that shrimp Lirvae can survive 
onlv in the more constant conditions and relatively high salinity tound in offshore waters. 
However, posilarval shrimp require suitable inshore nursery grounds. They reach the nur- 
serv grounds bv being borne on favorable onshore currents, a tcarure ot all shrmip-pro- 
ducing areas. 

.\s a larval shrimp is borne along in tiie water column toward the shore, it develops 
through live nauplial substages, diree proto/^oel substages, and three mysis substages (f-ig- 
ure 1). A nauplial shrimp does not feed, but utilizes yolk granules which fill the body; 
teeciing starts with the first protozoeal substage. The m.\ sis shrimp has 14 pairs ot tunc- 
tional appendages; rudimentary gills have appeared by the second mysis substage and a.ter 
the third substage, the organism ends its larval phase and assumes the muiiature prop^^r- 
tions of a slender adult. 

At a length of about 3.5 mm (V. inchj, the shrimp begins its postlarval phase (l-'igure 2). 
It enters the relatively shallow estuarine nursery grounds (bays and rivers) when it is car- 
ried there bv currents. Size varies in Mississippi trom about 5.5--12.5 mm (' s-^'.': inch;> 
depending on how long postlarvae remain otfshore. Until this stage, it has been capable ot 
little directional movement and has led a planktonic or dritting existence. 

In the nursery grounds, the tiny shrimp continues changing and atter several more molts 
becHimes a juvenile (Figure 2).Tt is now about 25 mm (1 inch) long and is primaril>' a 
bottom dweller. Nursery grounds are characterized by brackish (somewhat salty) to almost 
fresh water with mud or clay bottom or with submerged grass beds. In such rich feeding 
areas, when the temperature reaches lO'C (68T) and above, the young shrimp grow very 
rapidly, h is estimated that juvenile shrimp grow about 50 mm (2 inches) per month under 
optimum environmental conditions. Growth rate if. attected by temperature and salinity of 
the water, availability of food and many other tactors. 

When the shrimp is about 75 mm (3 inches) long, reproductive organs start developmg 
and the juvenile becomes a subaduit. As the adults (I'igure 2) continue growing and de- 
veloping, thev move offshore toward the more stable temperature and salinity ot the 
dec; '.'r water ot the GuH. 

Because large shrimp disappear from estuaries when they migrate otfshore, never return- 
ing to the shallow waters, it was once thought that shrimp spawned only once and then 
died. However, in 1938, concentrations of large shrimp were found in deep waters ott the 
Louisiana coast, and it was determined that many of these *'jumbo" shrimp had spawned at 
least once. Ripe, left-over eggs frequently are found in females, suggesting previous spawn- 
ing. The percentage of the total population that lives more than 1 year is small; though 
some shrimp may live 16 months and longer, the crop is considered to be annual. 

Because of the long spawning period some voung shrimp arc nearly always in the nurs- 
ery area C " arable numbers of juvenile white hr ^^^^ -hi i^^ip often remain inshore 
in the fall ana move out only when conditions ' '^^ ^able. When water tempera- 

ture ' I' the growth of young shrimp in i\\c or ceases entirely, whereas the 

occurrence of protracted periods of warm weath .iinng winter months may result in 
gro>-vth in the shrimp. 

If the water gets too cold or too fresh during the colder months, all of the shrimp may 
move out of the shallow areas into nearby waters of the Gulf. The young brown shrimp 



thai move out apparently remain offshore; however, the small white shrimp will return the 
iolluwing spring to the bays to complete their growth before moving out to spawning 
grounds in late spring or early summer. 

In Mississippi waters, bx-own shrimp postlarvae usually appear in inshore waters in large 
numbers in March, April and May. There is considerable yearly variation in the time and 
size of peak spring migrations to nursery areas, depending on the water temperature and 
number of spawners. A second peak movement shoreward may occur in the tail. 

Scientists at the Gulf Coast Research Laboratory carefully follow the movements and 
growth of the shrimp population. Bv taking frequent samples of the young shrimp and 
measuring them, biologists project the growth rate of the population as a whole and deter- 
mine approximately when the shrimp will attain legal harvesting size. When these projec- 
tions indicate that 75 percent of young shrimp in commercial fishing areas are approaching 
4 inches long (68 whole shrimp per pound), a tentative date for opening the commercial 
shrimping season is recommended to the Mississippi Marine Conservation Commission. 

Bays and bayous and some nearshore areas of the Mississippi Sound are permanently 
closed to shrimping, except for bait during specified periods, because smali shrimp are 
nearly always present. Brown shrimp postlarvae that arrive in the bays in the spring usu- 
ally reach harvestable size by early June. However, this har\'est time may vary as much as 
a month. 

Large numbers of white shrimp postlarvae usually reach inshore w iters in late June and 
grow rapidly in the bays and bavous. Long after reaching harvestable size, some o f the 
white shrimp often remain in nursery areas where there are many small brown, as well as 
small white shrimp. Eventually the larger shrimp move out to open water where they may 
be harvested, leaving the small shrimp to grow. 

Pink shrimp provide only a small part of the commercial catch in Mississippi waters. 
Relatively small numbers of pink shrimp postlarvae and juveniles are found in the fall and 
summer. They apparently winter offshore and young adults appear in higher-salinity areas 
of the Sound in the spring. 

When the complex life cycle of penaeid shrimp is understt)od it is clear that destruction 
of the shrimp at anv time during the life cycle could destroy the whole population. Young 
shrimp in the restricted waters of the nursery areas are particularly vulnerable. Continued 
shrimp production depends on the maintenance of the environmental conditions ot these 
areas where young shrimp can live and grow. 

Carefully regulated harvesting assures the optimum harvest of this most valuable ot all 
living marine fisheries resources. Damage from pollution and destruction ot nursery 
grounds by physical alteration probably constitutes a far more serious threat to shrimp 
than overfishing the resource. 

VOCABULAKY 

Exo'-' outer covering or skelei-. . 

..ai, , .;es in the life of an animal. 
Salinity — the total amount of dissolved salts present in a i;. , umt ot substance. 

Spawn — to produce or deposit eggs. 
Spermatophore — sperm packet. 



CONCEPT K 

Horseshoe crabs rorm an imporiaiit evoluiionary link. Currcnil) , 'ihcv arc al.>u il.c K;wUn 
of certain areas ol medica! research. 

Upon completion of this concept, the student should be able: 

a. To explain why horseshoe crabs have the potential to become economically impor* 
tant. 

h. To label a drawing of rhe external anatomy oi the horseshoe crab when presented 
with appropriate labels. 



THE HORSESHOE CRAB (PHYLUM ARTHROPODA, 
CLASS MEROSTOMATA) 

The horseshoe crab, Limulns polyphemus, which inhabits the Gulf of Mexico and ap- 
pears aloni; our coast is one of five species of horseshoe crabs in the world. Each year, 
from August to October, the beaches of the barrier islands are covered by hundreds ot 
castoff shells. During the rest of the year an occasional shell can be found washed up on 
shore. The horseshoe crab, actually not a crab at alK is an example of a "living tossil" since 
its origin dates back to the time when the first dinosaurs and primitive mammals appeared, 
about 200 million years ago. 

Horseshoe crabs can reach maturity in 9 to 1 1 years. At maturity the female is equipped 
with claws; whereas, the males have only a single protrusion which resembles a hook. I his 
appendage is used to grasp the female during the mating act. In the early part ot the 
summer each female crawls up on the beach with a male clinging to her abdomen. .Atter 
digging a shalKnv depression near the high tide line the female deposits 200-300 eggs 
which are fertilized by the male as they are laid. The eggs are then covered and the parents 
go on their way. In 30-40 days the eggs hatch into larvae. 

The external anatomy of Lmudus is interesting to observe. The dome-shaped front ot the 
shell, called the carapace, contains four e\'es. Two small, simple eyes are located on the 
anterior portion of the carapace and two larger, compound eyes are also present (I'lgure 
1 A). The pair of compound eyes is thought to react to polarized light and to asd in naviga- 
tion. Located on the ventral surface of the abdomen are five large tlaps or gill books. They 
get their name from theiact that under each tLip arc up to two hundred "leaflets" which 
are, in reality, the gills (Figure IB), The total surface area of these structures is sufficient to 
allow the exchange of oxygen and carbon dioxide. Ln addition to permitting exchange of 
these gases, the gill books can sometimes be used by the animal as paddles while swimming 
upside down in the water. The tail or tclson of the horseshoe crab is not a weapon. Rather, 
it is used to help propel the organism through the sand and to assist the animal in rightmg 
itself should it be knocked upside down by a wave. The last pair of legs are also quite 
useful in movement since they are modified to consist of a series of spines or stiff fiaps 
which are used in a manner similar to ski poles. 



Figure 1. Horseshoe Crab. A, Dorsal vk^'- B, Ventral view. 



Like other arthropods, Limuius has a hard outer shell called an exoskcleton. In order to 
erow, this animal must periodically shed (molt) the exoskeleton. Many of the "dead" 
horseshoe crabs that are found on the beach are not dead animals. In actuality they are the 
cast-off shells of molted horseshoe crabs. Once a horseshoe crab sheds its old shell, it has a 
new, soft one which hardens in about 12 hours. 

Limiiliis is a true "blue blood" for, while human blood is red, the blood of this creature 
is a light blue. Human blood is red because it has a red pigment called hemoglobin which 
contains iron. Horseshoe crab blood contains copper rather than hemoglobin thus giving 
the blood its blue color. A recent discovery in the field of medicine has made this blood 
valuable. It seems that a certain component in LirnuUis' blood is extremely sensitive to 
endotoxins. This blood component has been called lysate. When blood from the horseshoe 
crab is mixed with an endotoxin, the blood clots. Any medicine that is to be administered 
to humans can be checked for the presence of endotoxins by mixing some of the medicme 
with lysate. If endotoxins are present in this sample of medicine, they will react with the 
lysate. This reaction indicates that this particular sample of medicine shoiild not be given 
humans. The lysate used in this test sells for several thousand dollars per liter. 

The diet of Limuliis consists of moUusks, worms, and other invertebrates th . animal 
finds while walking along the bottom of the Sound or while digging through the ^anH. Ar 
times these limals are serious predators on clam beds along the northeastern coast of th^- 
United St.j Consequently, horseshoe crabs are considered pests and are dc croyed in 
large quan :nes, being ground up for fertilizer or chopped up and used as bait in trapping 
conches and eels. Other horseshoe crabs are killed by people who are afraid of the animal. 
Reduction in the number of horseshoe crabs through these practices has placed this ancient 
animal in danger of becoming extinct. 
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Anterior — rronr pan an animal. 

Barrier island — a long, narrow island parallel to and not tar trom a mainland coa>t. I nc 
island is composed of material heaped up b>- ocean waves and currents. 

Carapace — ilie hard-shield covering on the back ot animals such as a crab, lobster, and 
rnnle. 

Compound eve — an eve composed or numerous lenses and coniamini; separate nerve end- 

Endotoxin — bacterial bv-products iha* are vcrv poisonous to humans. 

Exoskeleton — the hard outer coverin-j, or skeleton oi certam anmials. 

Gil! books — lart;e tlaps which cover the i;i!ls- Tnev are found on the poNierior piirtum o: 

the l:or^e^hoe crab shell. 
Hii;h tide line — the uppermost level on a shoreline to he reached b\- the hi-i;hest tides. 
Larvae — immature statue in the life o: an anmial. 

Lvsate — a component of the blood of horseshoe crabs which is usl^IuI in scrL-enmi; 

medicines tor the presence of endut(.)xms. 
Ventral — the underside of an or^^anism. 



CONCEPT L 

The sea squirts, and lunicaies in general, are a rather unique group ot org.^nisms since 
thev form a developmental link between the invertebrates and the vertebrates. 

Objectives 

Upon completion of this concept, the student shtuild he able: 

a. To list the three characteristics that are commtni tt> all menU^ers o\ the pliylum 
Chordata. 

b. To describe the developmental process in sea squirts, 

THE SEA SQUIRTS 
(Phylum Chordata, Subphylum Urochordata) 

Tunicates are all relatively small marine animals. The tadpole-shaped larval form of a 
tunicate possesses the three characteristics that are common to all members of t!ie phylum 
Chordata (Figure 1). These include: a dorsaK tubular nerve cord, a notochord, and gill 
slits. When the larvae cease swimming around actively, they become attached to a station- 
ary substrate. The sessile larva develops into a simpler, bag-like form representing the 
adult tunicate (Figure 2). During this process of development, the larval tunicate gradually 
loses its dorsal nerve cord and notochord. It is important to note, howcs'ei, that gill slits 
are present In adult tunicates. These structures provide the only link between the adult 
tuni'-Mte and its chordatc larval form. 
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The subphvlum Urochordata (^TunicaUi can be diviuod into ihice cb-iScs. \v c shall 
brieriv mention only one class, Ascidiacea. This class includes a group ot tunicates that are 
commonlv called sea squirts. Since the adult ^ea squirts are sessile, they cannot move 
around to capture their food. These organism.s have developed a method of filter feeding 
for obtaining food. A sea squirt forces ^'ater into its body through the buccal siphon- 
Food material is filtered out of the water in the pharynx- The water is then forced out of 
the bodv through the atrial siphon (Figure 2). 

Fven though these animals appear to be simple, they are rather well-developed creatures. 
Hach sea squirt has a digestive svstem, a reproductive system, a ner\'0us system, and a 



diameter. The ^rc^up as a whole has no 



circulatorv svstem. .Admittedlv, these systems are not as complex as those tound in higher 
vertebrates. Thev do represent signincanr advancements over systems tound in other in- 
vertebrates. 

Some tunicates may reach more than 12 incnes in 
e c o n o m i c mi p o r t a n c e . 



buccal siphon 
pharynx 



stonuch 

heart 
ntuoch ord 
nerve cord 




Figure 1. L.irvai Tunicate. 
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Figure 2. Adult Tunicate. The direction of water How is indicated by the arrow 
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VOCABULARY 

Filter feeding — the rnu'es^ oi takin.^ food from -.vater .is it rlov.-s throui:h :hc animal's 
Larvae — im mature stai;cs in the lite or an annnaL 

Notochord — stiff rod ot cartilage along the dorsal side or ehordates at some stage oi their 
lite cvcle. 

i'narynx — m tunicat^^s, a structure wnicn niier> kjuu iiuuj \^aLCI il pa^.^^.^ Lii^^L^i^n ^ 
organism. 

^^.^^jl^ — the CL^ndition of being pern"ianenily attached to another object. 

Siphon — tube-like structures in many organisms which take water into ilieir body wiiere it 

is hhered for food and oxvgcn, and also pass out water with excremeiMs. 
Substrate — [he base on '.vhich a plant o.r animal lives. 

CONCEPT M 

Sharks and stingrays primarily ditfer from bony tish in the presence ot a cartilaginous 
vkeletim. This "primitive condition" has proved ettective tor survival. 

Upon ccMiipletion of this concept, the student should be able: 

a. *!\) name the cluef material of which the skeletons of sharks and rays arr' made. 

b. To brietlv discuss sensing mechanisms used by sharks. 

c. To list some of the uses of shark skin and meat. 

d. T(^ explain a methcu] of protection used by the stingray. 

e. To explain the safest method of moving through water in which stingrays might be 
tound. 

THE SHARKS AND STINGRAYS (PHYLUM CHORDA TA) 
, , (Subnhvlum Vertebrate, Class Chondrichthyes) 

.-\pproximatelv oi^e hundred forty million years ago the shark first appeared on earth. 
Smce thai time there has been relatively httle change in form, indicating that they are 
exiremelv well adapted tor an existence in the oceans. 

Shark'N, skates, and stringravs possess a skeleton composed of cartilage rather than bone. 
Some scientists believe that this is a primitive condition, which means that these animals 
should not be capable of surviving as well as some oi the more advanced animals. I'.vi- 
dently the sharks were not informed of this thi'ory since they continue to be one of the 
very dangerous animals that man is unable to eonirol. 

Until recently it was thought that sharks had to swim constantly in order to keep water 
moving around their gills, A television documentary by Jacques Cousteau provided evi- 
dence that some sharks do rest on the bottom in an apparent state of sleep. While all sharks 
mav not be capable of performing such a feat, at least there are some species that can 
breathe while at rest just like any other fish. On the other hand, recendy captured sharks 
usuallv go into shock and fail to breathe. In this case it is necessary for a human handler to 
walk the animal in shallow water until it recovers. 
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A^pro^!nJ2tcl^■ 23 spcc:c> c>: ^h^rks inh^D:! <..)ur cvi>i\l v/^icrs. including m^j j^rca: v.-ii:tc 
NtiArk. Tbx mjjoriiy ot tra-n^. occur near the p.issLS .ind ch.mnrjls or ihc local barrier rs- 

^ ! ! ■ J ^- 1 • 1 1 , ' . 1 1 • t t ,1 . 

-.i'^c >.;ic' icc NAic is:.irn.;s ui^riri^ u.^"* ii^;!;! iiuur^ duJ vi..iiiip iiic:r *.■\.i^lc 

ovLTDoard. }-or sonic time* it was thoui^ht that sucl'i actio-ns urc-v sharks due to :he presence 
o.T hio(^d. This Is nor totally iruc. it has recently been sh^ov/n :hat ^ensc^rv pc^res on the 
snout and <:dc.s oi the sh.ark are acutely sensitive to vibrations. These arc the priniar^' 
detectors ai wounded or injured aniniais. Body juices and blood are the next items to be 
sensed alter the shark liomes-in on the vibrations. Fhe nnal sense used to locate tb.c prev !s 
th.e eyesii;h.t. 

■ hor nianv \'cars s^-u-ntists 'have studied sharks v-.-iih the i'.ope that their nndini;s ',\'\\\ ailo'A" 
Us tc' predict th.e actio^ns ot sharks. Manv interest ing discuverie> have been made but i: is 
siili not ptissible to tell v/ith any dei;reL* ot accurae\' what an individual sjurk will do in a 
i:iven situation. In some instances a shark \%'ill launch, an attack and keep pressnv^ it in spite 
*'t .1.11 eiiorts lo stop It. Other sharks bite onlv Lnice, then turn and leave. Theri.- is more 
than one case on record where a shark has pressed an attack on an individual member ot a 
groups wliiie completely disregarding others. 

Sharks do not react to pain in the same manner as most other animals, hi tact, thev seem 
to be immune to pain as we know it. There are many instances where sharks that have been 
sliced open and returned to the water still alive were observed eating pieces oi their own 
body before dvmi;. ITre removal oi a shark's bram m a laboratorv experiment results in an 
interestini; phenomenon. I^vcn th(^ui;h th.e shark is missiiii; the so-called "ccMitrol center" it 
is able to maintain swmimiPj^ movements for several days. T hese two instances point to a 
nervous system unlike that of most animals with which we are familiar. 

Man does not allow his fear of sharks to stand in the way of their usefulness. I*or man\' 
years the skin was used for sandpaper and as lon^lastin^ leather in the manufacture of 
shoes. Recently shark meat has gained favor 'as a source of food in America, but England 
has long used it as the fish in "fish and chips'*. At one time. there was a great demand for 
shark livers, which are verv rich in vitamin A, but the market disappeared when svnthetic 
vitamins were intrcnluced. Recent research has revealed that sharks have an immunity to 
manv of the diseases suffered b\' man. This is a curious thing since the shark is never 
exposed to these diseases. 

Lett aloiie and undisturbed most wild creatures are harmless. Mowever, some orgariisnis. 
like the stingray, possess a strong defense mechanism and are a real danger if provoked. 
.Merely stepping on a stingray that is halt buneci in the sand bottoiii of the shallows mav be 
provocation enough fcr an attack. 

The stingray is a fearsome animal that should not be tampered with. Its reputation is 
well-founded for it can inflict a wound that is extremely painful and slow to heal. I-ortu- 
naiely for the hundreds who suffer wounds each year (stingray wounds arc fairly com- 
mon), permanent or fatal injury rarely occurs. 

Large numbers of stingrays arc found in Mississippi anti Alabama coastal waters during 
August and September, when female stringray.s enter shallow water to bear their young. 
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tlxpcricnccd ^',vinin-r:rs jnd \v:id^'T^ r,o\d ^icppiriL; on the an:n:a:s oy snuirimg tncir tec:. 
V^'hcn nudi^cd bv a toot, i >.uu):rjy uyjally skitters away. Ii a siingray pinned beneath a 
v/e:!-r!-'inted tc>ot \ot more than a >eC(Mid or two, it will apph-' its poisonous barb c»r barb'N 
"c-r ovc :h-^ ot'lcnder. 

The stini;rav\ barb is located on the upper side oi its v. hipHke taih The barb, which i> 
composed of a hard boneHke sub^Iance called vasodentine, is approximaieiv one-third ot 
the distance trom the base of the tail in most species. Less than 2.5 cm (1 in.j lonj^ in a 
newi\ nt^rn stnv^rav, tne u:iro uidy ue u^ci i^.^ \^ m. / . ... ^^^^..^ 

curved serrations hne the ed^es oi the barb and it is covered by a sheath contamm^ venom 
glands. 

Ot ihc 33 C'r n^.ore known species of stini;rays, s niay be tound in waters alon^ the 
MissisNippi Coast. The Souiliern stingray, D.;>vj:/:' .^'^'er:c^^^i. reaches about 2 m (6.3 tt. . 
in width,. The Atlantic stingray. D.i>yjLis is relativelv sn:alK reaching; abc^ui 3i cm 

.2Z in.) or so, in width. It i> abunJant in our cstuarine waiers. The Bluntnose rav, DA>}\i!i> 

ma%- attain a breadth of C.9 m (3 ft.j. This ray is common in estuaries. All these ra\-s 
are tlattened hshes, round- to di:;mond-shaped, with the characteristic whiphke tail. Back 
colors rani;e from i;rav to brown and undersides are pinkish-brown. In addition, the 
Spotted eagle rav, Actohjtus nannan, may be seen around the barrier islands. The Smooth 
butterilv rav, G\my:nrA ynicrura, and Cownose ray, Rhinoptcra bonasns. were conimion in 
Mississippi Sound trawl collections in the late 195C^ but in the 1970's were rarely seen in 
this area. Injures I and 2 provide an idea oi what these rays look like. 
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Figure L A, Dasyaiis ^vnc 
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Figure 2. A, Actobatns nariuari. B, Gymniira micrura, C, Rhinoptcra hotuisus. 
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VOCABULARY 

Barrier island— a long, nar^oT^• island parallel to and not rar from a mainland coast. Tnc 

i-.iand is c\.»niposcd or rT-aicria! heaped up by ocean ':\-jvl-s anJ currents. 
Cartilage — a strong, pliable supportini; ti^^L:e in \ t:rlebrate^. 
Estuarine — pertaining to an <*stuar\\ 

Estuarv — a relatively small body or water that is set on from the m.am body o: water and 
is affected bv the rise and fall of the tide. Estuaries contain mixtures o: tresh and salt 
water. 

Gill^ — organs which are modified for absorbing oxvgen from water. 
Vasodentine — a hard bonelike materia! which makes up the stingray^s barb. 
\'enom— the poi^o^ secreted by glands located in the sheath which covers xh-: stingray's 
barb. 

CONCEPT N 

The types of common seashore birds found on the Cult Coast are quite divL-rse. 
Ohjcttiic's 

Upon completion of this concept, the student should be able: 

a. To propose explanations for some of the adaptatit)ns noted in birds ^een on ihe held 
trip. 

b. To list three characteristics of any particular bird that might be used in its 
identification. 

c. To prepare a listing of the common names, scientific names, and major characteris- 
tics of each bird seen on the held trip. 

IDENTIFYING SEASHORE BIRDS 

h vou have visited the sersnore, you have probably seen gulls and many other birds. But 
hinv manv of these birds can you identify? With a little practice and the help ot a good 
bird identification book, you can easily learn to recogni/.e manv seashore birds bv their 
si/.e, shape, color, and other distinctive features. 

.Manv different kinds of birds are found along the ocean shoreline— trom beaches and 
marshes to rocky cliffs. A pair of binoculars and some good bird identification books are 
invaluable companions if you have the opportunity to go to the shore to observe birds, 
l our books thai may be helpful in bird study include: 

Bull, J. and r^arrand, J. Aiuitibon Society Guides to North ArncriCMi Birds: Eastern Region. 

New York: Knopf, 1977. 
Palmer, E. L. and Fowler, H. S. fleldbook of Natural History, 2nd ed. New York: 

McGraw-Hill, 1975. 
Peterson, R. T. A Field Guide to the Birds. Boston: Houghton-Mifflin, 19S0. 
Peterson, R. T. A Held Guide to the Birds of Texas and Adjacent States. Boston: Hough« 

ton-Miftlin, 1979. 
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OBSLR\'ATR)NS 



HABITAT 



I CH)N^. I. 
per: 



ii'ki liicir ^lc^■k^ ^rc>.T. 



tiiCir ncCKs erect 



>ns and diuk^ 
\^-h;;n aiarnicJ. 



CX)RMC)RAN IS. C^i >rnu>ra:iis arc lari:c, black 
w.itcrhirds u iili ilnck r:cck^ and lon^; bilK. I 1k'> 
arc tisli caters thai ulivc trmn the surlaee and su ini 
uruicruaicr. 



HI-;RC)NS .Tjid BinT.RNS. l ierons and biturns 
arc wading birds that have loni; lev;s. necks, and 
bills. "Fhcv tlv slowlv with their heads drau'n back. 



SC'OTb^RS. Scoters arc niediuni-si/c, black-C()K>red 
sea liucks. Thcv are usually seen during the winter 
in flocks, sDmciimes tl\ mi; i)ver the waves. 



^ M <^ 



^ r. 



ri I K:ANS, Pelicans arc extremely lar^c birds 
'A ith loiii;, jli: bills and lar;4e throat poucb.es. *J bic. 
arc p(nvcrtul :,jcrs, otten ^j^hdin^ on\\' inches above 
the water. Thcv di\e into the %\ aTer tr^mi heiuhts ot 
3C tcci It) catch small rish. 



RAILS. Rails are mediuni-si/e birds that ha\e short 



ecks, K 



lci;s, and lonv; toes 



Tl 



ie\' are secreii\ e. 



sh birds that are more i^Uen heart! than seen. 
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SI-AsilORI-: BIRD AND DhSCRIPTlON OBSKRVA TlONS 



Date Pl.icc MABITAT Identifying 

Seen Seen (marsh, beach, ete, ) ( !har.ieteristics 



CiOO'l'S. Coots are duck-si /e birds and have while 

bills and dark bodies. The\' are often seen in 

'^' -^ cscuanes, diving tor toocl. when swimming, coois 
pump their necks back and forth. 










PLOVERS. Plovers are mediuni-si/.e seashore birds 

with long, pointed wings and short bills that look 
^^^^^ swollen near the tip. They are active feeders, and 
^ are often seen walking or running swiftly along the 
^ shore. Killdecr are members or the plover tanuly 

and- are easily identified by cheir two black breast 

bands and n6isy cry. 










_^j^aj^ TURNSTONES. Turnstones arc plump, black- - 
and-whitc birds of medium size. They are often 
~ seen on rocks against which the surf is breaking. 










^^^v CURLEWS. Cuvlews are large, brown seashore 
birds with very long, down-curved bills. They are 
found in mars lies, mud flats, and on beaches. 










'■ SANDPIPERS. Sandpipers arc small-to-medium- 
^^^^ ' size secfshorc birds with slender bills. They are 
^""^^^y ^ common on beaches or muddy shores where they 
^\ run along the edge of the water, probing in the 
mud or sand for food. 










AVOCETS. Avocets are identified by their long, 
fr — thin, upturned bills and by cheir-unusually long, 
..j^^/ thin, blue legs, Avocets have lighc-brown heads and 
/7 necks and black-and-white markings on their 
^ wings. They are commonly seen' in lagoons and 
fish around mud flats. 
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SI'ASIIORi- BIRD AND I )i:S(:Kn>'I"K)N OBSKRVATIONS 

D.uc IM.Kc HA^irrAT Idciuityin^ 

/ Seen Seen (ni.irsh, heaeh. etc.) C!haracteristics 



S'l'll, rS. Stilts, like the avoeets, have lon^, thin le^s 
^^^^^ '^^^ nocks. I lowcver, unHke avocets, their lon^, 

thin bill is straight ami their le^s are red. Stilts have 
1* black leathers above and white ones below. They 

are conunonly iound in marshes. n 










IM 1A1,ARC)PE^S. Phalaropcs are small, sandpiper- 
like birds that are equally at home swimming or 
^^^f/v wading. "Hiey have long necks and legs. 'I'hcy are 
^^^^^ found in tide pools and kelp beds beyond the surf. 
" — ' In shallow water, pharlaropes spin in circles to stir 
up iood. 










(jULLS. Gulls are conmion along all seashores. 
^ They are strong birds with webbed feet, long 

pointed wings, a hooked bill, and usually a square 
tail, Cuills are SC^A Vl^NGFRS. often gathering in 
large groups around docks. 










ggS^i?^ _J — — ^ 

^ TKRNS. Terns are slender birds and have long nar- 
row wings, forked tails, and a pointed bill. They 
'^"^^^ dive from the air for snialJ.fish or insects. Terns 
^ ' prefer marshy areas. 










OYSTER-CATCHERS. Oyster-catchers are large, 
^"^^^^^ black birds with bright red bills. They are waders. 

preferring rocky .shores where they are occasionally 
i>^. ^^^^^ prying shellfish off the rocks. 
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VOCABULARY 

Estuary — an inlet of the ocean, usually formed at the mouth ot a river. Estuaries are 

important feeding areas for birds. 
Habitat — the region or type of environment where an organism, such as a bird, is tound. 
Lagoon — a shallow, pond-like body of water that usually has an opening to the ocean. 
Marsh — low soft, wet land tha*^ is often an important nursery and feeding area for birds. 
Scavenger — an animal that eats decaying matter or refuse. 



Activity: Waterfowl 

The following birds are found around the seashore or marshes. As you find the name o 
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CONCEPT O 

The marine turtles are reptiles whleh differ from one another in the maximum weight 
attained, feeding habits, and geographical distribution. 

Ohjcctivcii 

Upon completion of this concept, the student should be able: 

a. To give the common name of the five marine turtles found in the Gulf of Mexico. 

b. To discuss the similarities and differences in diets of the marine turtles. 

c. To prepare a written repoi i \i)out one of the five marine turtles studied. (This, re- 
quires library research.) 



THE SEA TURTLES (PHYLUM CHORDATA) 
(Subphylum Vertebraia, Class Reptilia) 

The marine turtles found in the Gulf of Mexico include the leatherback (the world's 
largest living reptile) and four species or' hardshelled sea turtles. The latter are represented 
by the very large and common loggerhead, the much smaller, less common Atlantic ridley, 
the rare Atlantic green turtle, and the Atlantic hawksblll. All of these marine turtles may 
be recognized by their flipper-like legs. These animals spend virtually their entire lives in 
the water, emerging on beaches only to lay eggs. All five marine turtles can be destroyed 
quite easily. With the exception of the leatherback, all s'pecles are considered edible. 

Marine turtles arc most easily wounded by man when they emerge from the sea to bury 
their eggs in nests on sandy beaches. At such times the adults may be slaughtered for food. 
Thousands of eggs arc collected to be prepared and eaten in much the same manner as 
hen's eggs. In addition to harvesting by man, the eggs are eaten by many other anmials 
including pigs, dogs, raccoons, and skunks. If a nest remains undisturbed and the eggs 
hatch after a month or more, the young turtles usually emerge at night and head for the 
sea. 

Atlantic Leatherback Turtle 

The leatherback, Derrnocbelys c. coriacea, may be distinguished from all other marme 
turtles because it has no plates on its shell and no scales on its head or body. Instead; the 
leatherback is covered by,a skin that appears leathery or rubbery. The top shell has seven 
ridges which run lengthwise (Figure 1 A). 

The leatherback spends most of its life in the open ocean. This species is the only turtle 
known to be warm-blooded and capable of maintaining body temperatures near SOT. The 
turtle maintains this temperature even when living at sea temperatures near 45°P. 

Because leatherbacks can maintain their body temperature, they can survive in cool 
northern waters as well as the Gulf of Mexico and Caribbean Sea. 



Atlintic Loggerhead funic 

The lo[;^crhcad, Carcttu c. carvtta, is ihc lar^csi of ihc hnrdshcllcd sen tunics (I'i|;iirc IB), 
li has n weight of nt Icnsi 1000 pounds nnd perhaps 1200 pounds. This lunle occurs 
trequendy in subtropical areas. It has been seen several hundred miles at sea, yet also is 
found in estuaries far up into brackish water. The loggerhead's diet is quite varied. It 
includes iellv fishes, sponges, molhisks, crabs, shrimp, barnacles, fish, and various sea gras- 
ses. 

Atlinttc Green T urtle 

The green turtle, Cheloni vi. ynycLis, attains a w^eight of 850 pounds (I-igure IC). It is a 
tropical species which undertakes long oceanic migrations. The green turtle also feeds in 
shallow areas, particularly near sea grass beds. Normally coming ashore only to nest, these 
turtles have occasionally been observed "sunning" themselves in the tropics. Since young 
green turtles eat jellyfishes, molhisks, and crustaceans, they arc more carnivorous than the 
adults. The adults feed heavily on a sea grass called Thalassia and other marine plants. 

Atlantic Hawkshill 

The hawksbill, Eretmochclys i. imbricata, attains a weight of 280 pounds, but most indi- 
viduals are much smaller (Figure ID). The hawksbill tends to be restricted to the tropics 
more so than any of the other marine turtles. It has been found mcvst often in shallow areas 
near rocky or coral reefs and in estuaries and lagoons. Th< ' awksbill has been reported to 
be omnivorous, but tends to include more animal than plani material in its diet. A wide 
variety of animal food has been recorded, including sponges, coral, Portuguese man-of- 
war, sea urchins, mollusks, fish, and crustaceans. 

Atlantic Ridley 

The ridlcy, Lepidochelys kcynpi, has a maximum weight of 1 10 pounds (Figure IE). It is 
a coastal sea turr'.e, being most often encountered in mangrove habitats. The ridley's diet 
consists mostly of benthic animal matter, including mollusks and crustaceans. 

VOCABULARY 

Benthic — living in or on the ocean floor. 

Brackish — less salty than the ocean; estuaries are brackish because fresh river water mixes 

with salty ocean water. 
Carnivore — an animal which preys on other animals. 

Estuary — a relatively sm.all body of water that is set off from the main body of water and 
is affected by the rise and fall of the tide. Estuaries contain mixtures of fresh and salt 
water. 

Habitat — the place where an organism lives. 

Lagoon — a shallow sound, channel, or pond near or associated with a larger body of 
water. 

Mangrove — a tropical tree or shrub that develops many roots. Mangrove swamps are ac- 
tive land builders. " 
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Omnivore — a consumer which feeds upon both plants and animals. 
Plate — a section of hard material which makes up a turtle shell. 
Reef — a ridge of rocks or sand at or near the surface of the water. 
Subtropical — geographical regions that border on the tropical zone. 

Tropical — areas between latitudes 23° 30' north and south of the equator which have warm 
temperatures with little season differences. 

CONCEPT P 

Besides being intelligent and economically imporiant, the marine mammals have made 
numere^us biological adaptations in order to survive in their environment. 

Ohjcctivcs 

Upon completion of this concept, the student should be able: 

a. To discuss some of the adaptations that marine mammals have made in order to stay 
warm. 

b. To list seven groups of organi,sms that arc marine mammal 

^ c. To prepare a written report about the economic imp M i.. . i iires 

librar^' • uch.) 

d. I'o dr. 1' L'luiate between the terms "dolphin" and **porpoi" ; \ 

e. To compare and contrast the structures used for swimming Dv seals and sea otter*?. 

MARINE MAMMALS (PHYLUM CHORDATA) 
(Subphylum Vertebrata, Class Mammalia) 

Marine mammals include whales, dolphins, porpoises, seals, sea lions, walruses, and 
sea otters. Like land mammals, they are warm-blooded and nourish their young on the 
mother's milk. 

The bodies of marine mammals are well adapted for life in the sea. Most are streamlined, 
making it easier for them to move through the water. Seals' limbs are modified to form 
flippers, while sea otters have flipper-like hind feet. Instead of vertical tails like fish, whales 
have horizontal tails — an adaptation that enables them to dive and surface easily. Whales 
combat cold ocean waters by insul ;ting their bodies with a thick layer of fat (blubber). The 
blubber also provides buoyancy, p adding, and a source of energy when food is scarce. Sea 
otters depend on long, fine, thick coats of hair for warmth. Seals have both a layer of fat 
and a coat of hair to keep them warm. 

Young marine mammals are born well developed and with their eyes open. The high 
protein and fat content of the milk of marine mammals puts fat on the young quickly, 
giving them needed insulation from the cold and providing energy for metabolism. The 
young grow fast and can take care of themselves early in life. These adaptations are essen- 
tial to survival in the hazardous marine environment. 

Perhaps the most fascinating aspect of^arine mammals, especially whales, is their abil- 
ity to dive deep into the ocean and stay down a long time. Although their lungs are not 
much larger in size than those of land mammals, sperm whales can dive to depths of 3,000 
feet and stay down for as long as 90 minutes. 
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Figure 1. Size Comparisons of Whales. 
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Figure 2. Size Comparisons of Whales, Dolphins, and Porpoises. 
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Wlulcs Aud Dolphins 

Wh.ilcs .iiul dolphins. .\lso ^...'Icd cetaceans, luive always caught the tancy of man because 
ot llieir size, beauty, ami plavtulness. They have been valu\ble to man for cenurries as a 
source c^t food and oil. 

The scientific name of the order, Cet.icea, comes from "eetus'\ the early Greek and 
Latin word for whale. The cetaceans are divided into two groups, toothed whales and 
baleen whales. Baleen whales have no teeth; instead, sheets of a fringed, horny material, 
called whalebone or baleen, han^ from their upper jaws. Baleen whales feed on plankton, 
strained throui;h the baleen, and also on small fishes and shrimp. 

Whales are the largest animals known. In fact, the blue whale, which reaches a length of 
100 feet and a weight of more than 100 tons, is the largest animal that h.is ever lived (I'igure 
1). Whales can ^row so lar|;e because of the abundance of plankton on which they feed. 
Not all whales are lar^e, however. Some, like the pyj^niy sperm whale, reach a lenj^th of 
onlv 13 feet. 




Figure 3. Bottlenosc Dolphin. 

"Dolphin" and "porpoise" are terms that often cause confusion. Strictly speaking, the 
long-beaked forms arc called dolphins and the small, snubby-nosed forms are called por- 
poises (Figure 3), However, these words are commonly used interchangeably. 

Cetaceans have poor senses of smell and taste, but good eyesight and excellent hearing. 
Whales and dolphins are apparently very intelligent mammals. They make a variety of 
sounds, both for "talking" with one another and for use as a sort of sonar. This sonar is 
used to locate food and avoid underwater objects. Cetaceans breathe through nostrils 
(blowholes) on top of the head. 

Cetaceans usually give birth to only one offspring each year. The young are large at 
birth, usually one-fourth to one-third or more the length of the mother. For example, an 
80-foot blue whale may give birth to a baby that is 23 feet long and weighs 2 tons or more. 
The young grow rapidly, doubling their Vngth within the first year. 

Whaling, the commercial fishing of whales for food and by-products, has been carried 
on for many centuries. In the early 1800's, the main products taken from whales were oil, 



spermaceti, ami wh.ilcbonc, used in making women's garments. Indians once made neck- 
laces of the ear bones of whales, which they believed brought good luck. Today whale oil 
is used in the manufacture of soap, cosmetics, shortening, lubricants, and many other 
products. The rest of the body is used for human or animal f(^od and for fertilizer. Amber- 
gris is the most valuable product from whales. It is used in the finest perfumes. 

Man\s toll on whales has been so heavy that some species, including the blue whale, are 
now regarded as endangered. Whaling ended in the United Stales in 1971 when a law was 
passed protecting eight species of whales. Although international regulations have been set, 
enforcement has not been etfeciive. 

ScLiis ami Sea Lions 

Pinnipeds — the .seals, sea lions, and walruses — are well ndapied for life in the sea. The 
name pinniped, which means feaiherfeel, refers to the modification of the front and hind 
feet to form flippers. These flippers allow many of the pinnipeds to be excellent swimmers. 
Some pinnipeds, such as the harbor seal, may spend six to eight months at sea, without 
touching land during that time (I-'igure 4A). Others, such as the northern fur seal, spend 
considerable time on land. Pinnipeds have thick hides with heavy layers of fat underneath 
and, in some cases, fur to protect them from the cold. 

The seals and sea lions can be separated into two groups, the eared seals and the hair 
seals. Eared seals have small, external ear flaps. They can turn the hind flipper forward, 
enabling diem to move rapidly on land. They use large front tlippert for swimming (f'lgure 
4A). i-ared seals breed in special areas called rookeries, commonly on offshore islands, to 
which they may return year after year. Hair seals have no external ears. Unlike eared seals, 
they cannot turn their hind flippers forward. Consequently, they are clumsy on land. Hair 
seals have smaller front flippers than do eared seals. Hair seals primarily use their hind, 
rather than front, flippers for swimming (Figure 4B). 




B. 



Figure 4. Seals. A, Eared seal. B, Hair seal. 
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St\i i.)t(cn 

The SCI oticr is a member of the weasel tamily (I'igure 5). Sea otters are elosely related to 
river otters, but are considerably larger. They often reach lengths of 41/: feet and weights ot 
70 to 80 pounds. Their front paws, used for holding food and other objects, are stubby 
and rounded. The hind feet arc large and webbed. Along with the tail, the hind feet are 
slightly tlattened for use in swimming. When moving rapidly, sea otters swim on their 
backs. They can dive to 300 feet and remain underwater four to five minutes to hunt tor 
food. 

Sea otters eat sea urchins, mussels, crabs, snails, and a variety oi other toods. They 
rarely eat fish. Since sea otters lack a layer of blubber, they depend on their fur and on 
food to maintain body heat. Indeed, an adult male easily can eat 15 pounds of food a day, 
nearly one-fourth of its body weight. 

• Sea otters breed and give birtli throughout the year. Birth apparently takes place in the 
water. Since pregnancy lasts eight or nine months and a female has only one pup every two 
years, population increase is slow. 




VOCABULARY 

Adaptation— the process by which a species becomes suited to survive in an environment. 
Ambergris — a waxy substance from the sperm whale used in makmg perfumes. 
Baleen— the horny material growing down from the upper jaw of large plankton-feedmg 

whales which forms a strainer or filtering organ. 
Blubber — the fat of large sea mammals. 
Cetaceans — whales and dolphins. 
Environment — the surroundings of an organism. 

Mammal — a group of vertebrate animals which nourish their young with milk. 
Pinniped— a group of animals whose front and hind feet are modified to form flippers. 
Plankton— small plants and animals floating in the upper layers of the water column. 
Sonar— a system that detects the presence and location of submerged objects by reflected 
vibrations. 

Spermaceti— a substance, obtained from whales, that is used in lamps and for making 
candles. 

Whaling— the commercial fishing of whales for food and by-products. 

Ill 



Activity : The World of Whales 

Unhkc the huge prehistoric dinosaurs, which had very small brains, the huge whale has a 
verv large brain and displays considerable intelligence. Whales are now an "endangered 
species" as modern harpoons and lack of regulations are causing them to be killed ott very 
rapidly. 
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Pin.icoderiTJ 1 1 
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Parchment Tube 31 

Ra^worm 33 

Trumpet worm 33, 34 
Zooplankton 69, 70 

Pelagic 74, 76 
Zooxanthcllae 3, 3 
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